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44.U4 dxfiljjjl ul^idtl jayaAJJI 




4aJ& 



: Juuj 4 4-i^e.i^jj 4JT (jyic.J Jl^jscjo 4 i>Jm_i (^^jj V ^j^s (jr^- rO^-<-"-J'j *N t^aJlJ ' 4>Jl>-j 4il Jl^»JI 

( _ r lc 3jjLl!l AjjJlII 4-tiLa^Jt jjlj^-i II J-uiLl! ( _ ? i$Jtl c_<jjJiIL!Ij U J^\ ^-lLClU 4_aL*JI 4 MiMiji.1 u t 1 >i" 

tOjIj-a (^-^ Ljjtls J-*jjlj (J ^1^^" ^ (j-*aj ■^'-^l J^**- 1 tj^ T^" 1 4r- ' . ' ' "~ > " Cr* - ^ U~3^ I Jufc OL9 (jJtJ ^j-a 2 JljJljjJI 
jjjJU J --^"t : 1 _gj.g_LiJl aJlSjJI 4jbt£. f-2-i 4r *-«Ju9 jlj q"i 1 11 VI J^-l ^j-a (jLqjVlj jqIaJL tcI i 11 U 4_11_lA i^k (jyicj 

.LlcLu^> 4_ajJJlU JjjJI L-SL^ai. (JLtJ 4ill 

Aj3jt2IiJLI 4_<JjjJl <_jjLaejJl x_a J)^""' 4_uL>ol »jU^- 5y_4fcLLtl jJjlaJJ rfij tj ir^ZJ 4_aL*Jl ajljVl C.<.laj». Ju9j 
4j L-a-uaj>o £2L^aj (J-sjlJI (jjj-"-" ' - ' .' ' a w^^ —■ ' 4jjJl>- 4_l«vIc c_'-l!L-uI Jj^J ' ^HdJ'^' (J^W *■"-' 4r- 
^j j^— j 11 (Jj-4-1 (_£ JJl 4 j it-ijJl d j i^U j_uL»JLI jIJlcI p j^ mi a £— 2 j La >J I <>Jui CcLlcJ Jt^J 4 <t3l Ataj " ^lLlI 
(jjj-"-" (JiL«j ^j La t^aji ' (jL><J Jj^~^ ■"'"' ( _ r ic L^jLLi ^_j_uL*J,l Jl^jjlj jl 4 <U_ljjJlL!| 5*_alj_jJl «.L(J ^_ 4_u-uL-u2l 
m^JlII ( _ 3 JUjlJI *Jat^]| «_a 4-Lq.UJl ijjj-!l (J^ljJJ ^-d^ 1 (jA^"' VdJ^^'j Cr 1 -^' fhA*-^ 4_aL*JI 4 mi i "j-llj J-**JI 
> '^~ 1 ' (y J ±L)~& 7?- a H>- < -' J 1 01 1 —~ ■" a 2 vIa_L) 4_!L^_L]| ^_ (jL^eJLJI 0jui ^viel!] ^J^jljI (3^-^" ' - ' a 4jus jJl! 

.4_ujjLjjVI 4jLJLLaIu3 jj^~- ' £— 4_ul2|j j-t^alj 4 (J^jlJi (jj i u t LSI Laallll 

5_i£.ljjj| (JllWl 4_i_L5j rfi mi°I (^jJljJL 4_LCljjJl ' ~ ' ' 3e ■ ia t , I 4_<_lJjJlL!| S-ij^SkJI oJJt (JjLuJJ 

^j* ,^>-^.~tl IjuJ 4_aj^Ul dlljL^JLI ' _)l 1 -"^^' 4_loj^= (JjLuJ 4j^>- <J1) LC ^ju=> jjJ 4_lL3jJ| <J1) Li^aJJ 

j^. 4ill i^ya (J-aLj A_»_ljjJlI!| 3-xj^skJI aJJt ti^jJ^J cA-i * ' '•*"' <jj-*J jy-ALlil jj^iajj p j 1 LaaHl A_aL«Jl ajljzlj 

4 JljJLljjI (j-a aJL>o da-m-i a < ) aL-u Ll 4 A_aj^L!l 4Jjjn_Liaj| (Jill jL^JLI ^J-li^j G £— vjIiLla J^— i ■"■ ' p j 1 1 ■"' jjl ^_>^-5 

.CjIjL^JLI 4>Jui ' _)l 1 1 "^— ■! A_lL*£. (*£.JlJ (jP-!' (JL^ajIi^llj '"'' ^J. ~ ' ^' *-" ' "^L»J 

t_>_tje.a > j«imi 4JJ :<>Lj3jJij S ^|-= ,, <J Ll L^_La >j„' 'j^" ' "J? Lij|jLC.I (jyic. (j-L*jLfl-!l (3^J^ (j' (j'-^ uj **-"lj 

.^LcjJI 



^LjfcLdLl j jj ^>"j am < -V< I 4jsL«JI SjljVI 










Lajgf ill lie Ltaj.1 (JL*-a IL. 2 ^j I U 1 1 4jj_La_Lj| tliljL^Jll (_>^*J (_jjJLlLI <— ll ui^sjI (JJ t—iLl^aJt I jui <-^Jl^J 
4_2j^_Laj c—JLLaU ?• j ' M (_p3^C ( _ 3 -Cjj Ju3j -l$J-JI '**'' se-i^aj 4_i^L>JI CjuLjiLajJI ^j^» ' (jj-^C- j Jj^~l)"' f- 4 
<LLa-m-u jLa^o 2f Lc-a CjLcj_<-uJI ill LtTLa a '"'' 3e liaJj < j <a l^Iu Aj^oLjJI AjjJilll Cj 1 Ju <? *"J 1 £y£. «Ji_uu 4 La i ■■ i a 

(j-a 4_»JL>.a 4^cjJs I a ji^aa *_La\JLa (J^L>. (j-fl illLae tlaJH «.|>J>.| j_p3>C («J Ju9a .4_<_L2jj| '"' _ ^~* II < JLLaj 

. JLtiLtjJI 
I gJLc (.y^- * (jjJ-!l ** _ mjJI clilie-LgaJLl tliVjLs-a <_>-^*-s -ij-<-u-! LLg-9 Jiiti! LsLLaj iaJijLaJI aLojzj 
^ se i ea 1 , 1 C> <ii nj ' Sj-t^aIU I < ~ ) I se I La ■ a 1 r«-£2 ^j-a dJJj <jr C J*i i >ij Laj ililJe-LgaJLl jLllvL) ^LtTiJ La-iS L^j_uai». 

JlHJj * j'pH OJij>JU >"<y j ,^> A~tl «_a ^ uiLoTllI Jjj ■ -^' a 4 t 1 1 <t j <1jIjl>.j *_jj I £— ' _)Q^3 II c_<jj Ju9j 
<JL)VjL»JLIj (Jl ^^ ." V I a_l2j3 dJJj ^-pJ_J *>*■' (Jl ' -lllt^a II (Jjl ^j-a LI i >il i >i" L^Jj-J (J J LaaAt I Jl>-G (jl ( _ r Cjj 
: <J1) I JL>- jj I 0jui dl LjILj>Jt, (_p3jX. ( _ y Jb L*f2j ' _)Lt^3 II ^_ (jL^a_a (_gl jj-« L^J-!| SjL^u^il (J j ' "J (_y^*~ 

:<jjl^aJ3 (^ 2juw_aJI i^jl^oj . U Isuol I U LfilkldAJ U UjLUdJ : ^J/tfl dbL^jJ I 

. L^cl^aJlj til La- i>il,l i ?rj(i^i" tjjj^fl J i,-»iiH 
' ^J ; '-^~ (*J s-LU f-2>J ^ J m.J.11 5J^U ij\ i ii ) zl a I JlJt" i nl ^j^. <Lj->oj Lj 4_aJi2j3 (^-^ L^J-^di 

dilie-LgaJLl 

' ~ ''-»•' ia 1 1 i ~ ' I se I La < a a :<_iQj| j ifliJl 

.L^jIjIj clilie-LgaXI d) LselLa-La^aj i^aL>JI <Jl)VjL»JLl (_ r ic (_$j!L=»o_J 

. AjJ^ajJll aJjLLaJI CjLa-i^U :dJtoJ| Ji^iitl 

1 o^—i .L^jIjI ^^ajLuaJ^j L^cl^aJlj Ajj^ajJ.1 3jjLLaJI 4ja- i >i 1, 1 c_u^=jJ3 ( _ r ic. ^$jIj>oj 

. L^jI^I cl)Lilse-La i^^- * *" ' ^ ^ Jjt i"i" ^LLa^j (J-llcj iflj^La ( _ r ic ^jHj>o 

. 4 i nUliJIj A - l L u j jj} I ell Lir i >i 1, 1 :*j|^J| Jjua^JI 

I o j 'J ' ( _3>^-'l <^>>j4j A_taiiaLij| a 4_i_Lu j alL! I cliLse-L^aJll a I J-a-*i i ul <1j 2(L*^ /J-LaA!l q^>\ «ILcuJ 

.4 iil"-V II L^jLlj^3j3j 







(_$jj| (JIiVLjejO £— Ajiir" i >i a j_& La Lj-La (_£jj>-2| ililie-LgaJU p IjjI ^j a » ' (jylc. ^jIIjsoj 

. A.t^r> L>- Cj I ^j ' Laj 4J La \jJ_La J j ' <'—' ^J 1 -— ■ ■"■ ' 

: jl^Ij J^ia ^ lS>^j .uL**tl uLoal* il&L^ISJb^l 

. ill La- i ^i I, I illl ~{\-t\ a t^^u^Lmll (J i^ft ll 
Cj[^=>jjxjz (_p-a d) lie i ia t , I cl)l flreJ i ) 4j^sL>Jl ^ Jjjj ■ ea II (■llLse-LaiTiJl J] (Jj^a-flJI I Jut j i <"ij 

ill La- i s> I, 1 jL l l v i tx-jLtoll (J o^Atl 
Jjt ("i" (_£Jt-t 4_u-uLLtl 4-se - ia t , I jLlL>-V (^jJaJI Ja-cu )| j-uajita J^ - ^ ■" ' (J-aa-oJl I Jufc J o '"'JJ 

.gj-*-a 

«.ljj>-l («-^-2 4J J e\~^—\i (jy^s- (jylajul «.j^>Jl ^_ (-JjJlLII t 3i.'^*'~. < ij jL ^J J u-**^' IJLA ^j-a » ii ill (Jl <i*i^~i Vj 

. I g-Li "■" (3j-^ J ^ Lse-iIaJ, I 
<L*J>-Ij_a (Jl <_jjJlLU j U i >1 J (jyJ^* ( _ 3 JUjlJIj ^gj P> i 1 1 ^jjlj^JI 2— <LajjL*Jl! j\j^~ '" (^^-C- (jr^JJ ^Jj 

. (jt JUjlJI (jjjU'tlj ^jJaiJI (tv^-oJI <_ 3 -&J VI A_ij Hal, I sjljj-tt oJu£. Jo"^-i" (_y^=J ^jjlj^JI }L^= 

(CJj^aJl 4^j>.jJ I LaaJL>. LiLa-C cr*-^ (J' *UL-"iJ I n ^— AJjJaJJl oLU <>Jufc ^j_a ^jLaJl 'j^~ i -J jjl (Jl-<-u-i 4-L1Ij 

■ C_>- L . -> Jt,l (<W«-!J (_^J-ll f<VAJ 4J| Lul i l f|->. jjlj_U3 ^_ 4Lij>o (jlj 




■tvin^o lliiipillq.^inll piln ill nnlnll fiiiiiiiq oll 



VbJJ< wLsuaXI 



l(gr IjJlj i—>Ur <M,I 






diLse-LeaJLl < a-iJ-Laj 4^jjt_a ~ 1 



- ^ - 



L^I^JIjuLiiii! 










L^ljjlj uLJswall LJllidS : j/tf I Jidill 
Pumps classification and types 

4il| I j^l-^- OJu*jO (j-uljJi] Lt-ii?L>. tiiJj jjl p $"'°< J-iL-ul J1 (_yic.l tj-a s-LU (Jjj-^ is J-&Ltfu.a jjLjiJVI jLtct 
LjJlj Lai J $y (Jj-J ij)\ 7rL"L>o (j-^-' <J1 (J J ^ J -"' lV 3 *^U £-^J u' ^J^? (J^^ O^ (*-^ *Jl *] •<J' J H9 ^JLscjjjj 

..SjJajJI jl (jIjojkJI 4J2LU Jl I^Uf !L. 7tIIl30 4JLj 4Jl t" > uVI <3i>k= ^^yc jl 

< i> (>i II I j ' a OJmlLa djVLsta ^_ JjvlaJl /," ("1 < sLU ^j-a S >l aj 1 ■■ * ■ jj .^>» tl j_a ,_lc £j\-ujj 2(1 J «L>- jJUa 

jj-a 4-LflJ i_J Lalij ?ULl (Jl ^jl 01WI 4j>.L>. jj^ I j lajj . ( _ 3 -<-uL-ul j laJU^sj 4-lIc 4_4jLoJI tljLcLLuaJI 2oil^— j l£>"j 
L^-La (jP-JI #-1-11 *-2j ullVl f-I^L^Lj I J_J Jui2 *_ojj_a ^j" i u a J I (j^iii-Vla ^j" < u a jj_a 4-*-&J Jl _>*■' (Jl (j*-^ 3 a 

. LJl jl (jl^jj>JI a I JlJt" i (iL j I LjjJlj (_Utjlj La 

\j • •^—' I Jt^>- 4-jlc- j-2jJ 4_2jj_Laj jLl^l (j-a S.LXI f-2j-! jjLjiJ^t 4\tj **i ( u| La ajjal jj_a (— Sjjl Mill 4JT j-p.<Jj 

( _ r Lc 4jjL$J i-j-ij-^ j^~ i~j^ (_LjJ-*= (jl '"'•">• ' . 'J '■^ l ° l O-* UJ^~" '"j i_$ J-!lj uij^LuJI J-a-C dJL^Ia ~ W J^~ 1 '"< cT^dJ 

£-y±3 j_^Jlj>.Li C'— liJ I n*" - " 1 .i)jj **-a (J 4^>- ** ^~M -*- 1 1 >^>- £j J 1 —~' ' lL--1->iJ 4— L£La 4 j 1 mi -»■ ^ 1"^— ■ ^_ C.i— u.a jj -re 

j • LtaAll plj JJI <_3j_L3 ijL^J ^_ ^j ..^— ■! » ^ jjjj Ci-pJ L*1jj s-Lcj 4HjL^J ^_ <_Lc>- (Jji^iaJI f-lj JJI ijj>.LJ) 1 . 'j tla aJI 

I) 'j^ -1 ' I j*^- 1 1 1 Lalu Vj 4 I j 1 ■■ «ji*4 U^-*" (j 1 uQnJI 1 ujl^SJI 4^cj>.jI Jjlj*_lJ 




f. j aa 1— Ui bl j^j' JJ^- 4 







(Jj£ljL>l jjj 




*ut £>j£jjL&ji2tf( \-^ ) js;« 



- r . 



L^I^JIjuLiiiil 










4_ja|j J^— i ■"■ /_ lr (jl 5-iuJua i~j-u\ j >i- 2( I a ■ afll La-a>jL>- I ^yij-i ui >• (j - *-" L^ O^" 'J'- lC ' 4 -^ = v>J' J-^- 1 



A£MJ«j 



jj_a ^.LJLI J-a-SO i )o_L>- (Jill j 2} 'j *^— I 4 j ( (i I j * LacC SjljLl AOjflJJ £.1-1,1 j J I »a a (r-Lc-l /-uiiJI (j_upJI X-tia o-l .4_a_)L2 

j«JlH2 (_gj ll^ jl i >i a £_. ■ aOiS\ jjjjpjl 3jl JL) (j I a_L>JI j»i2jj . 4jbejul } ^— m a I J - -^" a ^vjJta ^_ ^ i i <aj ifl J a i u| 

.^yjjiljJI oUoVI 4- <_Ja-L>Jt till j 4-jJaL.aJt 



^£^aJI jjaj ^<"-j»^ a 




*mai&L»(Y-ujs3 



3jL_lC (_ 3 -4j ' J-^*"' (Ji d) ^~* a LH lP'J '■" 'I , -^-i> ::>,J J ?-^J^ OLse-tia M a JlJt" i >i"'°i j_tiL>Jl LlL2j ^_ Lai 
T^jscji ^j_a UL2J_La jr- v^«o «UL«j>ija 4-Iai La ^_ pLiajjl <_ i i i >i " dJaLIa a JJ-'-^ ^- (J-sL-uJI 4_i>-lie_L2 4lL^=)j>. 4J2LI3 
*1_U <_^=> JJ 7:Lj^o LiU j <jV L#J jl_U JjL-oJI Jai-La *-3j Lgjt ju tiliaj V 4Jr i^U jl J-^^W J^^i 

- r_ 













«Ljl2 jJ 4_ajLLa «Lj>-Ijj Cxj9jJ! j, u flj ^_ J-&J ' 4_J9LLaJt ^j—a 'j^-^ ' _ ■ ■ ■■ "^—J 4-JLs I j a> j I 3- (Jl "kse.ua U (Ji. Jt_a 
jJJ 4_J9LLaJl lJ-Uj (Jj^eTiTLa ill La L«yi^j J dl^Lt^jj j_u-ulj-a ^j-a LjjLLaiLaj 4-Se-LgaJll 4_aj_La_La ^J-^- 1 (J^* - ^^^Jj "-■ 'J? 

< _ ? jj*i i >i a (j^- 1 f-^J-H 4J9l-La (Jl iaLja zL LjJijLc <_ylc. ( _ y iiil (_Uj^>Jl jl JiJLftJ 4-Se-Lgai.l d-a-Lca JJt^tjJ I J-^JJ 

■ AJe-Jall ->J-Laj c_iJ*-<-a] ^yic^lj (_yJ^VI JjL-aJt 



Piston o*£* 

Plunger o^ -|— Reciprocating ^ji — 
Diaphragm *Lic. 



Vane iJhJ ^ ^jj^j - 
Piston W£* . 

Screw ^jj^- 
Gear ^jj - 

Radial flow <>J*& ^^ — | 
Mixed flow a lata <■ 



Rotary »Jj* — ' 



Psitive a^IjVI 

displacement *->h4i\ 



0.2 jlla 

Centrifugal ^^ 



Axial flow 4jjj=-- —I 

Ejector ^jjjiu — , 
E I ectro m ag n etic ^A=i-ii-j j*s 



Gas lift j^h^J 



Special <-^- - 1 



-Dynamic *j£j-Ijjj1I- 



Pumps 



t 11 aunaAll 



uULai^LUdJ(T->)J5^ 



(_£>j>.| a>j aJ ^J-il i >i 'I 77 j [>-»■ i— fl_2ajj («Ji 4_LLt-a is Ci-2 ^_ ^J-il 1 n 'I (j-a IjJi_»j3 L a- r ej v ■ La »" /J a 2 1 (j! ^_ fj 1^— 1 ' 
.^JjI i nit 1^ a*i 1 11 a I &j • taj 4_^3i_LaL<jjJl d) Lse-tlaJL I ^ La »"' La-Lu 4 2 Jl>-1j (J-JLluJ SjJ-i s-L-ul 



- i - 













♦♦♦♦«♦ -^ ♦♦♦ ♦♦♦ * ■** "♦•♦ ~* 

<— il 01 ~v. < _ y ,lc dJJjj (4 Iijg|j/jIL! £♦»,♦»♦ ^d.) ijJLc ' '*j • eaj (JliVjm-a ijL^LjjaLbjJI Cj UciiaJL I ^ La »" 
4_lILc LLaaJt_La 4_>.I}VI '**<■ 3e ■ ia a '-^ «" Lg-Lu (CjIjLj ^'^ )) 4^e-Lta V' ^j-a 7-jL>Jl -L>yu (Ja <i» a JaJi < ^» 

.(iljlj/jlJ YO ^J J-LaaJ Ju3) j .'^a'—'ia 1 Aj , ^" diVjm-a JlIc (jL V * ' i_lpO 
Lg-Lu I jlj« "■" «.J_i J-jlS s-LlLt ^ 3e ■ ta t , I ^JilLqj ^^-^ I j •<'■*-+■< 4_JL*£. J] 4_j^a_La Lb jJ I ' ~ ' I 3e < ia t , I 77Llj>o ~~ 

. "il ni . U",ll j^a jjj^j £ > . ,>>-»." II 4_u|j LgjLi <L>-lJ2tl '"»' 3e Lea a } j 1"" 
« (£~ \) J^ - ^ ui ^j_a -»■ tia-jj I n^— ■ LaLqj 4_l^=_u3L<jjJ| dilie ua 1,1 £j_C <L>-lj VI '"'' ae-Lta^a «.| J I 1 a ^"~*~J ~ 
Vj L3lc.j_a.uj 4— *-— a t, I jLajI ( _ r ic A_uL>o % ^l ijsJjVI i_)lie -^ a j-i C *UI JaJi La I|_?-L_ujVI J^s—aj ^o> 
d) lie-Lea U 4_!L». £— ' 9j ■ a " II (Jjt-JLAJ 'j u ^— LLaJLLea II j31_jj L a-Lij s-1— II ' ' l j' / '" (JJ-^laj <j • • ^— j31_jj 

4 t_=3 LaLbjJI 



'I 
•1 



3 



<jjL?jVI 4-.ljYI uUi^i. 




4 i< i^l 'n^l Cilia 1 <— aj| 



->»U 



(J-lx^ 



2lS>»1I uLa*Jlj Ib-I}*! uL^m f bl aJ,Li« ( M) J& 



_ _ 












jj)U> 



'"'I 3e-Lga-»il ij^j-uLuj^ I (j^-C-J-iJ' J - ^ 3 ^' "^ 



.SjljjJt i— iUe-.ia.q-U fl$Jl 4J>lii J^=jil -Y 



.<LOJpJ! <Jl)Ue-tia-*i! ^f^J*' J^~"M "Y 



.4j3^=jJII ojllaJt cjUe.ia.il p-ljJl >^=ol -i 



S (_gj^=jJLl -Jj-LaJI ' - ' I ~- • ea ■" J A-uLsoVI ijs.ljVI '"'I je-tia-d (J"*- 1 <3>^ ^* "^ 



_ n _ 













i " 1 1 -»■ . >> 1 I ,~ili-lU.^a « 



yjl^l J^l 



t^yl^. Ij->LJ3 <_JjJui.l jj^-ij «Jl>-^JI ojui J<i"^-i" Lajj£. . i<>! > * VI 

clilie tiaJ ,1 ' 4_t^L>Jl cliLselLa-LaaJll 4_ufcLa jjLSj] "^ 

4 ->■ <>> ^ \\ A J I i >i ill 4X. vj_aj| i )1 I <!">■■ ~Y 

4_3e-L*aJLl ag I *^— ■ < il i hv, -V 

<L3e-tIa-»ll <— o» aJLI 4; '-^'' < <-3e ' Mil Ci <n u JljJjto ~1 



. v . 







Pumps Terminologies 

Pump Terminology u L%«aU J 4<dL?-u Leilas W 
Pump volume flow rate :(Q) Q_aj .^tl) iituaJtl (_3j-^sj Jjl*-« \-WY 

4_uG £— 4-Se-Lga LI ^ J ' l£'- 1 -M s-L-ll f*-^*- 4-JL-l L ^J- J Hii ' J' Laa.IL>. VI Jjj i u <_ r -Lc ■ flj .^»~t| 4_>ic. (jlLajj 

* 3 

s-(J-L AJ^Ul ^j-aj-H (JjjLlSj Lti-»g (JjjJlJJj ^j-^sucjj .(i-J-iLj (J-^aJ < ■ «^— a j" a) HI /S 2Jl>-^j (JjjLSjj 4«Jl>-Ij 

.^j-ajJI (jyic. j*jat^>Jl 4 q i >i °l j«j 4ja- tlaJH ^j-a 77jL>Jl s-LLLl (J\Jua (*^>- 



Q = 7 (2-1) 



.(S) ajt^-aj (j-ajJI a-A t 



Velocity :(v) i^j^JI Y-)-Y 

^ILa) m/S 3 Jlj>-^j (JjjLSjj 4 2 Jlj>-Ij 4-j->Lj 0JJ-3 o-^j 4r- lP' '■" " O -4 "— * ^ 4 * ^"' Lp^' ^' < " U <_ 3 -& 

A 



-5 

111 /S 2Jl5*^j 5-se-LgaJL I ■ A j • ^-~ <_ 3 -£> Q : ^-^P"- 

7C 9 9 

Aj^jIj iajjj-uLtl <UL>. ^_ A = — Q 4J9^L*JI ^j-a <. i i >i ->oj HI 3jus.^j (JLjj_<ji]| « La a a <L>-1 , u a ^.4 A 

v = 1.273-5- (2-3) 

d 2 

. (m) t J^^j ^JJ-" H ' j-k^ J-* d : lL-Q- 
_ A _ 













Head t(H) ( -,«,.,,,tl TM-Y 

. ^-Li-t-a 4-LaJiJ Jj£. (JaJLtiaJt SJsLL + 4 ^— j — 1 1 SJsLL + »_^3jJI AJaLL) sLU i «1 LaJ jjal tXI ?UI 



09 2g 



(2-4) 



X-tioJl 4J2LI3 C< <ii ii 4-4 n : o 

ikiiMI otu, J!uj p/pg 
4-g.j intl Ciflm J!Uj V /2g 



hsd 



t lAuuajl li% 



i ^...« 
(ft) 



(P d ) 



-T^ 



3Z 



= 1 




e u_ J > 3 ' H 



1^ 






<jpj*jt 



5z: 




O'^P- 



^S>« 3i,Lb 4*«m ISUj&m ( \-y ) J& 



Static suction head :(h ss ) ^<^r,l-.„V) L _ cSfau J| c^»^ i-WY 



_ ^ _ 







Static discharge head :(h sd ) er ^uliu<yi -ij-kJI c^*^ o-WY 

J^-^ ui ^j_a 7c < ea "j I o^— 4 S-se-tla LI j_^=j_aj Jj_LaJl (jlj_i>. ^_ -L^-U j-^"*-!! 75-LajjJl (j^- 1 ij-t-ulj-ll 4-31 i nil 

.h s( j j_ajJI Jiitljj «(\-Y) 

Total static head ;(h ts ) < J^J| ^^ nli^Vi o^a-uJI V)-Y 

h ts =h ss +h sd (2-5) 

Friction head :(h f )cdl^y,OM ci,,, V-1-Y 

j_LJU_j -Sj-LaJt jl <■ (Tr < ntl ilaj>. ^_ «.tj-<-u (j\Jua j\ i na ^_ «.LLI (jLj_<-u (J}L»- l*JL^=lIo^VL i LaJ» tiaJI Jt^La j-& 

(JiLa) tlj^L^ajJl ^_ JaJLtiaJl JtJi2j i_'-ulJVl ^_ JaJi tJaJI Jtis La-& (j^J-uL^ul (j^-C-J- 1 (J] JlSaJI I JJt < d 1 1 eaj 

<j-j» C-.-J ljLjVI 4 il]l ^wVl Jl^Ls 4_^ti <— il in -v. j ^a oj .(1— 4>j_i£.j .-.I al n ,^ }|j CjL^3j"i mi Uj c-lj <^V1 

:iJLUI iJjLai 



Lv 2 



d2g 



jjjj 21 tc La i ■■ 4-Jj mi -^j jjLj.jjJl pjj (jyic J-qjjuj ' ill <^"^- V I (JjsLsjj j-& I : 

.(Hi) 3 Jls-jj <_jj_u2I (Jjla J-& -L 

.(m) 3 J0-3J (_j^jJ^I j-tal j_4> d 
.(m/s) sjl^^j <_jj_ljV1 Ji-b «tUI 4-cj-<-u (^ v 

2 

hf, c =k^ (2-7) 

2g 



.^UjusJI jl aJl^jJI 4. ,*u^-^vi cxjIj j-4 k 



. \ . - 






Pump head :(h p ) 5itAbJtl c^u^, A-^-Y 

hp=h ss +h sd +h fs +h fd (2-8) 

C-i-re-uJI Jai* 4- JaJLJaJI J1J9L2 j_& hf s : ^~p- 
jjiaJI U^ ^_ ,U;,MI jJaLa j-& hf d 

Water pumping power :(P W ) *UI f^> ijSs \-\-t 
Pw=YQh p (2-9) 



.9800 N/m 3 ^jL^j *U11 ^>ai jj^' e^ Y 



Pump brake power :(P b ) ioLa^iJI oejuaXI ijSa \ *- W 
Pump efficiency :(ri P ) aVrM,l ?»U^s» > )-)-X 

p yQh D 

^ = f p (2 - 10) 



. n - 













Specific speed :(N s )4uc^i]| kcj^J\ \X-\-V 

<U JlJL2 I j_J . Is-Lui-C I j_a I 7e_u^3_l (jt— *-* 3 J. "' ^r ' ' " ^ U.I* ui "ill (_£ J— a J_Lc 4_cJLc ag I ^^— > > J_$jlj (JJ-11 

2 je .>. t 1 C-jj JljJuso LJ^Li. {_ys ^j^— • i I 4 j j i u 7 T t <LCj_<_a]| ^ <i i uJ AJjuuV 4_Cj_*j>J, L»_lJ OLse uaX\ t— flJ-Li gaJ 

:4_iJLl!l 4jjL*-*l! Lt-p 4-LCjjJI 4_Cj_<ji]1 <-3jJU 

nJq 



N s =51.64 



(2-11) 



.(m /s) 5 Jl3-^j 4-3e-tIaJ,l i_3j_uaj jji Q 
. (fll)ia Ju>-aj * se t^aJ .' C> <)i a a-ii Jlp 
'"''-*■ liaJLl plj-il (j-« pjJ J^— 1 1 4 j j i n ill CjLcj-ijJI ^Jua (Y-Y) J^— i ■" (j^-jJ 



( JkiJI AjjUI) N s = 51 .64 



N\/Q 



4jC- aiil **X. j I'll ! a ,c * 



1 

o 


t Uii 


A 


o 


i i 


1 

o 


oA 


o o o O 


A 


A 


o 


o o o o o 


o 


o 


o o 


o 


o 


o o o o 


o 


o 


LO 


CO N CO O) O 


LO 


O 


o o 


O 


O 


o ,o o o 


o 


o 




T— 


*" 


CM 


CO 




LO 


CO 


S CO OlO 


LO 


o 

CN 










^ 


^ 













2jjU 




t 



(jU^uJ! A Lalla < 



jlj^ll j i a» 11 pUaC. 



jju vuiil Aj j^a-« 



S u-ail 




>2 



^2 



=1.5-2 





rf_^j^jj| 



•jljjJI Jj=m 



<1.5 



<1 



^U&iill te>J) Luj uLis^ill ciiLaJ ( T-Y ) J&w 



^ 



Net positive suction head .(NPSH) u**.^il 2_L^1I .-.^Jl o-*«, \T-^-Y 

Lx^a_l 4 se t^aJl ,| jjvji^s J_Lc $.11,1 JaJLLa (JL2 (j^-*-a f-LajjL! cLil ■»■ La i •■ jCp" i u a Jjj-^ A "*" '^* " ' ■ ^~* > "' LaJ_Lc 



jJaLtil £-1-1,1 J-^^- 1 ^ L * a -* '^ ^— a itaJLt^a ?l I j_4 4_q_ia iIjjLjiJJ (j| i a vl .^" I jLfl .^$j^>JI i La » - a 1 1 ^jja J^l 
Jj^>-j jjl lL.— t-p- 4_t_iJjj-a 4_5jj_Laj I j 1 n*~ «-l^l "Lsciia U » J Laj i ■■ " V J_jJ_Lcj 4 jl_>o (Jl (Jj selb 4_JL2 4_jjIjj>- 



- \r - 













(JJlSj I n^— 4-je-LgaJll jjJl»j3 ^J^aG <. . j i >i"j aj-ilai. diljIjJiAl cjJlj>o L#j^ W^ vj^ j- 4 j-^- (j-^j ' Ca.vita.tion 



NPSH = 



Pa P, 



■h f -h, 



(2-12) 



Y Y 

.(N/m ) cjIj^^j JlkXI i^j^JI Lki-L^JI jj* p a 

.(N/m ) <J1)Ijljs-^j 4-se-JaII J^Jla jj£. «GjIjj». 4j>-jjJ jiaLUI sill f j mi" ila-Lca jJt P^ 



mj j_!la u> oJ.1 g; i-LaJI c >"»■ i nil C< a i >i ' 4_Lj».a 4_4_l3 /JLc Lki^L>o (j! < <->ij ^ se ua <a U jj-a I (JJ + <*ii" (jl n tla la 

(J-aLtAJ JJLiidJLI 4-se-tIa 1,1 x-iLi^a -^J)j-J ' J-J -uJ* mi" II <— Sjjj-La Jl A-SLiJa zL) I j ■ •• a i 2 ^. ,'^.W p j n , ^>~ ( _ r Lc J-aHsu 
/y-Laa-fll <— )1 i >i ->. 4_2jj_La £j_C ^j-^a-CJ (4-Se-Lga all 4_tCj_<Jt •icj < u II £- 4-!l-i) G c ' *j^— '"I' (_LaL*-a /j a i nj ^Jj^o 

.«.U.I 1.1T1 n j_£j" 1 11 a ^j-C 4Jr i'r-> oil (j-al pLojjl 



CT c = 



— -^-h -Hi "i 

Y Y 



(2-13) 



(h s ) max =^-^-a c h-h f 



t^jVL^a 4_! y-j a i nil /j «^\«V I ).!->-, nil Ci p. 11 ;jj^-"j 4-lIcj 

(2-14) 



.«.U,I j^=t-U JjaJLLgaJ ifliLaJ.1 r^J-H-ll ^j^» ' lLUjl^sj ( *j^— i*m ^JjjLs-a (*-l2 ^j^» ' - Y) (JjJlj>JI (j'VdL? 



0-Y) Jjju* 


N s 


G c 




t°C 


p v N/m 2 


1000 


0.05 




20 


2337 


2000 


0.1 




30 


4242 


4000 


0.3 




40 


7375 



.L^j Jitb La J^=J UjIjIj L^ L a^l tl>laj 



- >r_ 












AJ^AAWJ 



.3jj^UI 4- *U! *£.>" (-.^ajwl < 200 mm UjiaS Sj^Lj 4- 360 m /h Jjul^j *L« ^j-^ - > 



JaJI 



Q = i 6 °- = 0.1m 3 /s 
3600 



: *m <— aj i s>Ti (Jjula 



^ 200 no 
d = = 0.2m 

1000 



: 2 j ojju \X I > La^ 



A = -d 2 =-0.2 2 = 0.03 14 m 2 :Sjj^UI «_L=JL« ^L^> 
4 4 jj^ c— 



v = Q= — =3.185m/s 
A 0.0314 



:^UI ic.j-<-u 



.30 m 0jJiJ9 *La J>J1f. f-LojjV Ajja-uj *UI Jjai-La 



JaJI 



p = y h = 9.8 x 1000 x 30 = 2.94 x 10 5 N/m' 



daJLtla 



P = 



2.94x10- 
100000 



= 2.94 bar 



-3 

(>_i *LU f-^pj 500 m /h I j «j i a 3 Jjl^^jj 1450 rpm Lgicj-m a je < a t ^ ,„ ui ^cj . .. II um-^l -V 

.50 m 1 1 j L) ' 4_ujj|jJI iaLjiil cr^" ' " a 



- H - 



L^_.l$j^ul-___tl 






j_-_a__tl 




JfltN 



Q = — = 0.1389 m 3 /s 
3600 



N s =51.64^ 
N = 51.64 1450V ^- = 1484.2 



50 



0.75 



:<-iij ts>~A\ (Jjut^a 



: 4_i. ll i.lI J I A_wj-_uJ| 



3*l___=j *U.I j___5 2jj_£ <. i i.i =w| . 20 m L_.jj_j_ S_ mfj -__L___~ *LU j-j3>3 200 m /hr L$_5j___ 4_jt_____a _i 

.15 kW <____ IjJ_aj__-t 4ie____ll 3jJl2 jl *J__ Ijl 4J&-__i,l 



Jail 



P„, = 



y = 9.8x1000 = 9800 N/rrr 

q ______ 0#0 5 56m 3 /s 

3600 

P w =yQh P 

9800x0.0556x20 



1000 



= 10.898 kW 



r| 



P w 10.898 „„„ 

— = = 0.727 

Pu 15 



:^L*i! ( _ r cjiJt (jj^ll 



:*.U,I «___> SjJtS 



;4_j_____I! Of. I _____! 



f-L__jjl ^ L_a «t j_4> La .30 C Sjlj-*- ^o- 5 J -*- 1 25m f-L-ujV *UI •»■ ____ 0.1 < _^-=-u J^L*.- U 2_jt____a -o 
-ki- _|__dL__=_i=-VI jl___2 c__<__-j 1.033 bar j_i_!t ^1- • ■■ ^ Lc _$j^>JI L__i__t jl ^k. Ijj t____JI 3jj_l_U 

.0.35 m j_4, l_--*___JI 



- ^O - 












J*JI 



P v = 4242 N/m 2 



0-Y)Jja>JI Jlg^Jb 

!pLXl J-^tJJ ill* U3 



p a = 1.033 x 100000 = 103300 N/m z 



:^jj>Ji in* uaJ 



(2-13) aJjUII 'A. j^j^jLJlii |<u 



(h s ) max =-- — -a c h-h f 

Y Y 



(2-13) 



103300 4242 



9800 9800 



0.1x25-0.35 



= 10.541-0.433-2.5-0.35 



( h s)max= 7.258 m 



. u . 












jj)U> 



-7 

.Sj^UI 4- *UI i^j-^ c-^ajwl 4 200 mm UjiaS Sjj^U 4- 300 m /h Jjm^j *Lj (Xh-j -^ 



.20 m tfjJlS *La Jj^C f-LflJjV A-^-LU eUI J^juus <_> i.ii-v| -Y 



(j^Tmj-a <>_) «.Lll j-4pj 2000 m /h I j«j ■ a jj 1450 rpm L^ig.j-m 3 je ■ a t, * n<n it! ^.j <« \\ <-<<« ->-! -Y 

■ 4Jr i s> t, I ojui ( _ ? -«yuJ ill La- »M,I fl^JI (_$l <_j!j cTV fU '25 m 1 mjij^t 4-U-uljJt ^sLJLl 



^j^jlj \jUt| ,-il^- ,^/v C.|j*>| 4 3 a '^" mil LtJ-mlll 4-Cj-mJI (_gjba J^' s * ~1 



- W - 




■tvin^o lliiipillq.^inll piln ill nnlnll fiiiiiiiq oll 



Vbj^t^LJbai 



U^aXI ^i 






*3 







■Lfj-^J- 1 -' -ij-^' CjUt^a^ Jfi-^J Vr^=>J J *j' ■' ~ U 

4 jj ^— j 1 ^ OjLLaJt 4-Je-jm *lj^»-l ^Sjjla .Y 

.l_£J^3jJ,l -Sj-iaJI ill La- i^ia L y^uu=^>~ <*$£ .1 
. s-l-iVI (.1) Lilre-La (jyic. S-Se-tlaJLl Jjt luJ 21*** «_l2jj .0 

diLse-LgaJLI ^j^» ' 77JL4J s j*~~'°> -Y 



- ^A 



dl)UUI3arjJI Ajxl;)JluL*4aII j*ya*iJI 




kj£jil3jjLb;iuL*^l:j/tflJ^I 
The Centrifugal Pumps 

2 U , „lj i L^js-jJta Jl L^JLi-J^a (j_a ^-^^— y (_>S \ ( >i tl (j2 /«_<-uVI IJ-^J Ajj^aj-ll OjLLaJt £ie '^ 1 ,1 ^ a i >i" 
4_jj^=jJ,l OjLLaJI ililie tla L| j-j LaTu .JjI i >i tl <_ r -Lc jljjJI S-Je-tla L| j'^^ ^•- ,L ri Cr*"" ^ jj ^"j t. I OjLLaJt JjJiJt 

. p J 1 '-^"'' 4_LaLjiJ ~ 1 

.jjl jajJI J_Lc r I t-a J L^aJI jCp" i >i a (_p3Lai>ol - T 

i~il >lj U ,\ VI ^^j-a 0jJL>-J s.U.1 (jLj_<-u ALksjJI ~1 

2'iL ,^> tl i *A\ ^-," ^j'-^l A^.'il -0 

4_j}1j /Jl ' a ' - a " < jlajJI j «^> » II p J i • <z J iL— o- (j-a iijlj^aul JsLajl '"'' se-iia-a (jLs (J-;l2 (j-a LLaL ul I i^— -J 

:(T-Y) J^^^lj <£_|^| 

. Radial flow ijjjlaJa < a^aj jLj^^ -> 

. Mixed flow jLj^JI iLaJoita -Y 

. Axial flow jLjj^JI «jj^ta -T 

jj-a j i j^— ■ j_£J-a ■ La »" lL—l>o s-LaJLJ «LiL2ja 4 J3 ii i aj (_£J-4J '"'' 3e <^» 1 ,1 0jui (j-a pa-i <j^= 3-L«dj 
' a-ia-ltl jLj_<ji]| tlj'j (_gj^3jJLI Jj_LaJI '•*'' -x-l^ljz (jr ic (J-LaaAll )JJt £— j^=j_i <_3j-<-uj . 4_iL<v>J I '"'' <LixLaILtl 

. jjjj»-VI (j^CjiJI ( _ r lc sj-tiaJI <il if m a_}LJ9 J_f-ii2 IL.J 4 i^j-LaS 
( _ 3 _ij_£^3 i_i!j^ta j U , „lj > j| jQ 2jj Ua f ^ ,^> i Aj^^aj.a OjLLa S-se-LeaJl LaLc I j La La ( \ ~X) J^-^ Oil) (jt-JJ 

.(Coupling) jjLait u <i i fi" a-^L*. iL-^j 2U mljj I < g <^ J^ sjl-4 Sj <ir I J < -^"" lL-q- 

l_a>s < La-SJ I ( d La ' tfL>ol £— I jl^j'*' <j— * 7T )— >^3 l—Ajarta tfLsol ^_ A-se-tla U } ^— >< a ^j— a *i— II JS-J— i 
^jjj^s-VI ^LCj_Ltl )«_a 4_jjLai,L «.LaJJ ^«-2j jj-iuaJbl ^\ (Jj-^ajJI ^1 (^^J-J ^-J-!Lc 4jj^=j_a 2jjLLa 2ji Lij_La-l 
till j k=r i>> 1, 1 L-Sj f a J ^J^a ( _ 3 -ic (jii^-iti J dJJj jl VI 4 (4_jjj^Jt,lj A_LajQieJ,l) ^J-^ajJll ^j-LaJI <JllUr Ja 1, 

.4jjjj>J,Ij 4 La I" be. V I d) Lse-LeaJL I ^- 4.Lu.a ^jjs ^J^l Juu ^ jJI ^j-LaS ( a Laa-Ltl jjLj_<jJI 













(j ^— i 'j t ^j-^ flic » a ' a J ' ~" "j? (j-^'- c - *■'-* ?-^J (Q " ''"" Cr* ' ^- ^"' 4r **JJ i_aj-aJJl 4j3ctIaJ,l a JlJt" i >i" I jj 

.^yJLc ' a J ' x> "' (jjlj 7rLiriJ>.Vl Jtlc ^jljjJl (_ r ic 4-SejL^a (j-a j '^— >l a I JlJt" i u| 



o Ji Jj I .i^alx. ajuia /jj q Al^a £ La]| t^ jji 



<jjli **'■ gj 




** a i '— all ^_a!>\x. 



^L<ul (J^k^ 



<jJ>gS ^>*<u J<wu Ajji>9 3jjLb 4is«*> ( \-Y ) JSLw 



: ^UjJS>Xf SijUaJI ^ai u£>3 T-T 

jjJl_j impeller jljj j-'~ C (j_a (Y-V) J^— -■ ^j_a -»• ■ ^ lb I n^— * jj ^— j 1 1 OjLLaJt £ie cia U jj ^— "" 

^^jJt^ L^J J^— I mJI 4 j )| aJa i ■■? 3 )->■& ij+C- &4JU6 DlclCleS (_jIlJ>J| £yz <Lco-aJ^a ^j-^ j\ ajul ajL^ajul ;jj^~ '**' ' 

.jajL>- 4 La i "' V ^ se ' ^ V' »)' -ij Mo r (j-*^- )' 9^' J '^* Ci-t-iTLiJ aJl>* i >i ) /_! aJa 
(j_a <_3}LiJI (_^pie_i2 Jj-ojlJI Jila-lj XictlaJ, I i_3^Lc ^_ <LLiILa (JjaLta 4X.j_aJ?ta <_ r lc- Sjl-iVl Jj-a-C ' ■ i^3j-j 
4i_3^LiJl (j^ILso ajlj^l ^j a-g jjl il--p-J -UJ^ ** La i u\jj Jjt <*ii*in L*Jjj»ja sjl-sj Jj-a-C *_a i La j"^ 1 1 4_ujL^J j_£Jl>.I 

.i_3^L«jI a Ja^jul (j^- 1 (j-* £">' ' , > J - U ^ 7*-*l '■'.'**■ Jj aJ-u^ a Jja-" i >i ) tiJJ JJ 

.Ajj^=jJLI OjLLaJl *L3ejuaX\ tlJU^^aJL i La i ■■ j a Tj^" CrT ' - *^J 



- T» - 













>Ui! 



£JJ^ 







^Lo]) (J^k^ 



^j>S>«3;jLb^t«M^5kA«(r-T)JS^ 



Impeller j j!jdJ!j*»*lh-Y-r 

.j-Jj^-jJ! 2 JLa ^j- 4 "WP^li J^J^' J^JJ^>JI (j^o LJLc. jljjJI jjl^ju) * t * *aJj 





»j"'^» t iu^aj p jili J^ j'j^ jj-* 



y* ajLftJl p till J^ II 5^ ajJaC- 



(Jjli-all p jjil ^j^i j| j^ 



^jii sjjLbji aib<aijjijdji><^ji ti>» ( t-t ) js;« 



. n . 



XuLtllSJt^l 










(Ji^jJLl 7:jjj_a jl Jlj>-Ij <_<_lL>. ^j_a *.UI «lLs*JlJ LaJ-Lc (Ji-jJll ^jLs^l (jj^aj (jl Lai jljjJl jjAaJlj 

. (£~ W J^~* ui (j-a *»■ ' galb I ^^— i 4 4-ljjL>. ^L^= (j-a s-LU 4JL>-Jlj LaJ_Lc 
( _ r ic sUI £-2-S (J^LajJ 4-J&-LU Lt^LjUaLuJ L^JljJjL ^ji^ jJLl 7:jjj_a jljjJI j-tia )JI <Jjl j dilie-tia U jLlgj 

.Ji-jJll i^jLs-l j'jjJI Jibuti uj| J diUr >^iU tiJJj (Jl j-SIoj Lg-Lu 4 jljjJI Jibuti (j^Ls- 



DQU£Ji 



$.L<ul (J^kJ 




(Jk.^-a]l ?rj^^a 



S-Lo]) (J^kJ 



JikJuJl ^JlUJ 



J^JUI £ja»tj J^JLtf ^b-i j)jJ>*a (t-Y)JS^ 



kjLta LI I J ^ j i u ^— ■ «ilj i-i-aLa^l /j-4 4 i >i j'ij (Jl ^— ■ uil 43^13 < (0 - T) J^^ "■ £ jljjJI j-tiajul (_>"Jj Jl>-Gj 

.icljjjl <JLi*-a 4r «LaJ^ , ""-"U uljUe-ciaJLl A- Lcjjmi f-t^^M j"'^— I <Lu-u^=la] I (j1.jjJ1j.lUjj .4Jj_LaJ3 





90° 




90° 












jljd)l><i*)l jijj JLS^I (O-T)JS^ 



- TT - 



XuLtllSJt^l 



^UcljjJIuUuai! 







(Jj-jt-a j-l<Ti_i 4-ge^ia U (j_a 7^jL>Jl «.Ul da-i i a I jj'°i jjLHj V ^ Jj ' * '^ : (_>"d>-^ *— ''^ '*'"*' '^ (j' 7" ' ^ "',' 

(jl VI ii-D. 2j_jja <_d_! j jj_uj ' A j ' -^ "' 1 1 ^_| JLJt_a oLj x_a *.HI daJt < a jl JJ_l2 4_j-aLa 2l (jlijjjl Lai i &j Lea " 
j-Jj-J La_a ■* 3e «^> t ■ Jjt ,"i" 4_j| J_i ^_ I . ^ j . ^> -^. jlj ^" . ..I (*J-C 4_!L>-j *L^ t — ''j'j - ^' *Lx>. I Lgaj iicciaJLI Jj* mi" 

. LjXti "■" j Ij Sj i "» 'j-k-> OLse LaJU ^_ *-<-ulj J^^ "■ ' ^j i .<^— ■ » tl jjij^JI a JlJt" i >i" till jj 



ki i all plijjj 



Forward blades 5-loUI ^j 



Radial blades 'SjjJaa > 'i .. Vi ^j 



Backward blades 3 j . ^r . jjSjj 



;Lall L_Sj^aJ (J-lx-a 



lk^i\^\^^ii\^^r^jlij\jjuu(^r)jS,u 



Casing j ^^JIT-Y-T 

<_3}LiJt 1 a A jjL-uL-ul jjLc^aJ 4_jj^=3j_U OjLLaJI iicciaJLl <_3}LiJj .j-AjJI JjJljkJI ^j-a LJLc. *_Lt^ajj 4j>-jijJ«J 

.Diffuser j^lLlJI l^>LUIj Volute casing er j>ojjuJI ^L-ujVI jj ^jjJL.JI 

77j^JeJ,l jj_a (_j^j_2| I ^'^— I Ll^ojJlJ ^ » la 2 a <L>.l i u a » i n"" (_£ jJl (_<JjiJl J^— I ■" ^-ijjJLsJl i_3^L«Jl Jti-Lj 
«Lj#.Lo^=lj ( _ 3 _ij^JL>J I i_3^L«JI JLTlcj .(T~T) (J^a—ili x_r»-lj < 4-lai < a x_ 2jj (JjI i >i 11 A£.j—lji ^j'-- ai* <_ i j i >i j La^ 
sU.1 Jai '^ J-AP ^Li= (Jl jlj-*-M j '^ «H 4_^=jj^ (2)^a ^LJ.1 I jj . ■■ "^— j ^pJI S ^—j >■ 1 1 LiLL Jja^el! 4_jJL\Jl 

. aJt i ^i I, I jjja r-jL>Jl 
(j a mi " 7:jJlTlII p-1 mi "VI Cj! j (_£jL>JU q-» 4_cj^j?ta «L_i jLj>-_aj^ i (V - T) J*^— ui £ j_<iL<JI i_3^L«JI Lai 
^pij-iajo (_ r lc. (J-aJU 4i_3^LiiJ ^li-l jJl i La 4 -*■ 1 , 1 j jljjJI j tlajti! ^j^jLiJI i La j >■ 1 , 1 (j-u LjjL^a a Jls^G j_tliljjj| 
*.Lul «L_i2 i La » ■ '^ II J_^2 5_LSj fa-i-H I J-A j— lqTij 4-Lai i a ^-^J C3-'L-^^- 1 J j'j^ 1 -" J '^ *^ lH 3 ?^J^' , -" *-^>' icj-cu 



- rr_ 






^UcljjJIuUuai! 







.4_jJul]| i La j » ' aa 1 1 ilJI j (Jjs-IjJLI ii jJuLLa '"'' se ■ ^> t ,1 ^_ a JlJt" < uJ 



,U! 



CJJ 3 - 



^)jjjl 



iU 



jljAll ^iJaaul 




(_Olfc 



J iU;i^l>^6u)JAJ>S > «3jjLbAit«M(V-T)JS^ 



Stuffing box >wa}| 3jJj*s T-Y-T 

Jlj>-Lj «LJI (_yic 3j^Lc 4 £.m_i LaL«j Ijj-sJLa jj^~ u jljjJI j-tjajul jl 4j3ctIaJ,l Jjt <*»" «.Lij| ( _ r $jJuJI ^j-a 

.((T-T) J^-imi j->-lj) ->>**]1 I jla J^ jj-a *LU 

Lkjixi «L_i f<i ( ii ">■ (j-C a jLlc a_ik (_£ j_!l j'" 9«ul (jaJ-Li^j I j La j '—-* \ i aj u ^— ■ (J-iLua ( i> ni'il x_ Ua 

4_lL>- a U , „lj > ^ uj ^-— ■"' («3 I i j : J ' plj-flJI j mi-*J1 a jl_a ^L«-iJ 4_! Jajjao jj-sjl]| j La^ ^j-^ J^^ 3 ' ^ (j ''J-* 3 ' ' 

.(A~V) J^— I ■"< jjj3 ■»■ ' ^>**' ' I i^— > 4-jjjL^.i ;__£ J^>-J j-« ' , ^~'>" ' 4la aJLia ^ j 119-La i u| 
4_5jj_Laj i-£.Li-->J I 4_lL>. Ja_!j_J p_J (^L-C JaJt-La jjj-i ' j" ^~ l " ^- J <~t~*^ (jl j mi**JI OLa f-*-^J J-lC ^^CIj-J 

(I i> i n "ill /_ i'i^LLi /- ""v. LusojJ-J i-LLuvJI 4_lL>. ikj; J)L*J^ 4 Se-tia 1 . ■ (J t u] <U vLLI /tJaJU i i> i n" ) tt a i ii" 4_uJu_a 

)i_ a Jl^Ij ^J^ir m J I (^^J-J L-jJLc I ^— 1^— "^1 (. ,,,„ j j_gjj| j ui ->J| 2jl_a ^yic. JuljJI JaJLtiaJI ^jLalJ til! jaj 

3jl_a i La i ug ^_ ' i *^— ' i)" p j se ■"■ " 4_iL>- (J^L>- A_ a Ci— ij 4-J-3J ■ 31 -^ ' j ■ •■ >JI (ja^LLi-n «.lj| (jl ■ ■■ **■**» la 

■j i M-*JI OLa va-C iJLLal <3 j-«J ' £j| *^— ■**'■*- * I (Ltlalu a i m-*J1 
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3ULUU £ I 







^^ 



5 iU 










j^t)l3jdLd( A-T ) J&« 



Wearing rings i2L*JluLib'i-Y-Y 

*_a j_£j^>.^M ' . i ^~'j" L<a-Lu i_3^L«JI x_a d)LiL>JI <>jui j_£Jl>-I < . ■ ^— i j " .«.U,I <_<Jj_<-uJ (J-iLfll! ^j^sjli- (J^Lj i— S^LiJI 
■ <Lsr i ga 1, 1 f.\ j| (_yic J-Jj^ J^-i ifuJ (_)^5jL>JI jtjjjj J^aLjJ Lajt-Lc (J J j" i uJJ jljjJI j (iot II 



iiiliill i_Olill 4ik. 




4**41 i^jjljd)) ^aU^dl uL&b- ( <\-T ) J& 



-To- 













Centrifugal pump characteristics :i£j£>il JjiaJI ulituM jaJLa^ T-T 

dJ_& <\ fr I j I j Lti ■"■ " (Jl) K-JLLa ^j\- 1 Ja-lvja I j Lga ll las* ?cxi> oj (_jJ I <Jl)L3}L*jl ^yz «LC a-CJ^a a ->■ r>. a J^~ ' ' 
(J-TLd-i La l_JLc.j I gi-ui "■" 3«.Lo^= <_dJj_^=j. L^jjLV 4_aj^U| 3jJ_flJlj I j**"v "J SJe-LgaJLl ' a j ' -^"' (j^ uli Ij-Jili J, I 
oJ~Jt <*Jti2 j_p3j_C. ( _ 3 _ L L_o_t2j 4jScjl^3 U (j^ajl Lea 3>- j! s-Ll Ol—xLse-Lftj ^ 1 ■ " J La ^_ LjjLj (JllL-Ja^L*-!! 0j_ifc 

■CjL(-Lje-UI 

Q-H CUrVe ; 4Je.<ia.a.U CtA^I-L-fljuualJI (^Jbtia W"Y 
jl cUaJt-L^-i SJe-tla I, I jj-* fcjL»JI «=-L,l ' a j ' x> " ila^Lc. ( _ 3 _<i i_£J^=j_U JjJaJI oLaejLga^a (j^ajl Ltaj». («_&! Jls-I 

. JjJaJl 4-La.flJ J] C-xjy i ail 4-La.flJ ^j-a «.LaJJ ^^j-uljJl pLojjVl £j£. j-l*^ i^J-!' 4" ai u 
I n^— 1 4-JLc 4_i_<_ul j 3 ja^-uLa ^_ <0 vlaja I &} '-— <j a (__£JlaJ tCp" i >i a (j-a s-LU <->"»■< >i" La a se • '■"■ a jj - gaj ' LLCS 

■0 *~^) J^— UU (j-UjO Jji 

(j I « j Laj i ■■ J V (_£ J-Jl Jlj>J| J] (_Lva-J jjl (Jl iijj-i-uLw ^_ LaojJ-j (Jjl i u tl x_ojj_j 4-se^Ia U jjJi-J LaJ_Lc 
Lj_La.g ^_ ^ a" i 'i " <_3j_<-u SJejLga U (jl (j-a (cAjJLj SJb-laXI 4JL*^cjj Ckiih j- '^*' 4_iL"La-i tiJJj (jj^=a_i2 <>JjL*jj 
C-lxj jljJ-ll j t's>*\\ (J_aJ>- ilaJLa ^Ul jJJlJ I JJ t aljUmja <j-a <_ r ic1 sUI -Sj-a-C *-2-i Cr^ - 'J- 5 ^ UJ^""" 1 " 2 l-^JI VI 

JN a* Jl_jJl>. *l a ^L^Jl-J V ^LxJbj t 4-t_iJj j 4_JaUa * a *l al! I jj La »j ^" tl 3 ^— j >■ 1 I 4_JaUa ^jl ui "" 

j ■*• ' ■*• n Lai i (i a LI Cmin .^^1 j_Lc a se < ga 1 . ■ ' 3) ' '•*"' > jj^~ l 'j) a ->■.>. I I 




Q, m 3 /h 



L^^t^uuitt^jb^jijarijjiiaj)^^)^j^j'iL3^(^»-T)js;ii 



- n - 













s-LU «L_La /J.AJlILiJ J^-ll i n II y—ijjajl jj-* L?- 1 ^' l£j" ' " a J ff. -Sslajl 2 jaj-uLa ^_ I lSj Ttluu (j| 4_lJl1J| a aJa^J I 
L*i^=J .(2) x_J=^JI jj-a -»■ ■ a JJ I -i^— 4 (jIjVl 4_!L>JI )L. 4-ilc. jl^— L*£. Jl Ju9 jj^— J 4-Jr i^iU Oqin <jl VI 
.(64 5 i4t 3) pLojVl tj-a ~ ■ ia!u I <£=3 fS\\ Jj^Ju jlj Ui^= Li=LiJ>ol Jj^=>\ <— «-2MI Ul*rw 
4-se^Ia I.' i.'i <ii 11 (j^— ' i-^^L»JI tJ-J-4-! /j Lse-La ^ \c iJIiVljsJI <>Ji_i4) (ftJ-2 x_i2^jj LjjLu <_d_!j (J—llcj q ^-— ■ 1 1 

. I j'flj Lgaj jlj I 1 1^— (J^j SJc-laXI i.'i m 11 (j| «(_La •» < ajj (_£ JJIj. I j'*j Lgajj 
(jl m ^-— 1 1 ) ;_£ JJI *ULI i.'i <ii 11 (JjLLa * se us 1 ,1 4im .SJuso ^ se 1 ^> 1 ,1 '"■ -v ""' 3 1> '-^"' /_Lre-La (jl (J o2jl A^: 1 1 ia 
"V) J^— 1 ui jj-^ T - ' aa **' J I n^ -1 jljJ-JI j -^ «JI j L^fl i_3^Lli.L tiJJj 1 aTLa^Jj 4 4_Li.t-a <Lcj_tjiJ JjJ^J LaJ-LC «Lsl2jJJ 

.(U 

jLi^. dU ij 24 m oj jua ci^m Jl_L£. 200 m /hr oj jua j^T Laj-^ ^U«" jl 40 m oj jil c^u* JjLL* m /hr 

.250 mm ojlai jljj >»^ug 1750 rpm icj-^ 
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Performance curves of centrifugal pump :4jjj=j_U SjjLkJI or.^U *bf oLlg&la Y-T-T 

^j_a •» ' Ja jj I n^— 1 L^js. Li^=3j 4Je-tia U 3jJ_J2 JJlj>o C_) Lj_<j*_La tiJLui * se L^a I ,1 Cmni ( _ 3 _L*_La ^1 iaLja 2Li 
4_aj^L!l 3jJ_SJl 4_2j^*_a ^j ^-— i i l iicciaJLI ' a j ' -^ 3 J Cm ui l JJ_xj A_ Lut^a Jjt mi " 4_La.flJ Jl_<jl2 .0 Y~Y) J^— i ■" 

y J i ~~ % '"■'' ' Oajj-aJU p j i - > ■ ^j-a ■»■ ' gali ' I i '—- > 1 ^".- 1 ,-r^— . a i ~»- , >. t I £j_& jj* mi") 
4 La.2 ' (Jj-^s- I J^J* "' "' 4-La.flJ x_ S3 jjl ^-i-^J Cj^-*-"' (J-* 31 -! J * ' " A " jLp^-l J— Lc 4_j| j^= j_!l_! jjJ_j>J| (j-^J 

4J il Ltalial 4_2jj_Laj I gi-tii "■" jjL^jiaJ tiJJjj 4-3e da i L! (_g j i a 2 1 1 3«.Lo^=Jl 
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.< 



<i ^=uJI 



S*liS ,jJc-l ijaij 




4 -s i >iai 
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•.V 



l&auiii uUUm ( U-Y ) JS^ 



4Je-tia U jL_lL>.1 ^j ^— ■ i ) Lg-Laj < jljjJI j t^a «JJ 4_ii]Cit« jl LaSfa C_)LCj_<-u J_lC CjLse tia U (j-* 4-Cj-*^><-1 «.1^^(1 
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AjjQ l*y* Ha 'hjS J *'i>jU* 2**a * hi uLlcua ( \X-X ) J& 
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"AaHsLt uUj« Joa 2uj£j4i>A}Ua "Asuoa * \i\ uLuflhU ( U-Y ) j£« 



. n . 













Pump operating point :or«^,U JjVlVi 3U;Ti V-Y-Y 

.JvLaJl < Ij < n i a Jl <_«**-> n il ( l Q i >i I a ^j-a £-1-1,1 f-2) ~ > 

.ilj^L^^aJt 2 oil ^— j ,-<! ^1 n LgaJlj c_cjjLJ^M IL. *UI t jLjj.i.qJ 4-se.iTu i<U^— WVI LajlJLa ^^ic <_<JLilII - Y 




( _ 3 _Lc (jLj i n It ' itl ^— -"^ V 1 4_ajLia i ^ oij~" Lq-Lu * se tiaJU <_3j_uaj <_ r lc -Liyi-tJ V s.U.1 <— ij i u I a (j! 1I.-0-J 



C^u* + / Jb 



»-ij1" KiVl i.*i <; i ii 11) (^LjJIj <Jj 2l J— LlII SJjLta sejfl (J—llcj ^j ^— i i I j_! 4-se -^ U <_3^ 



.( 1 ^~Y) J^-— i ■"< ^j-a •»■ tiaj ' I n^ - " 1 4-sejuaJU 4 a j La La ;_ Lre-LaJ ' 3j la1!|~0 i'"'' 4_Laj>i>. /JLc (i < ''*^— -"^- V | 
j 3j i u j'°i I j*i I .1 taj "j SJejL^XI <Jl)LJL^=ual (j"4> i3^'j-^ <— '^-^ 4-se.ue.La> SJLjJaj SjScjl^XI j Ll"l>- 1 jcIj LaJiicj 
^j-a •»■«>»" i 1 o^— ■ a a .a fc> i 1 1 ,Ji_re_Laa 4 se ■ 2a V* ■ LseJLa xJaUij (j-a tcTlJj 4_Lij»-a Jj* <"i" 4-La.dJ J_Lc ^ se-iia 1 ,1 Jji <"i" 

.(H2) <_!jlLaJ.t CfaO-mJI JU£. (Q2) L-Lj-t-a 1 3j 1 aaj 4Jr laXI gTuTt^ (W~T) J^a-ui 



- r. . 













i 

1 




ir " t J£S 






2au^\2AiiaiA (9 iauA(\'\-r)JSl 



' J ' a "' U ^ * "" J? ■ I - -' /jr l - =e -'-J>' (j— * ?" ' ga "' ' I i^~* (j^-*J-5' (J I uJ* ' " **''' 4_IaiL) J Sjxlfl £ ( l V - i ) J^— I ■"■ t 
4_Lc j_ljlj I i^— i j\ hi jtl J] (Jj* mi 111 4_LaJij J aj gj • La » t^a II Ju3L2 JljJ_l2 LjjJj*. P^~ '"""'^ ;»L$-*-3 (3^*^ 4-se-iia.lJ 

^^— uiIj i u ill i.*i <a i >i II /^ 3 u M-Lu (_fJL^=iIL>.VI C> <ji ii j-u-tj ' . 1 1 Lalb 4j3cjl^XI ' a j « -^"' 4r P*~"' ->."t| q) j_£j_! I J-^-iJ 

■ 4JL)I i nil Jjt uuJI tIjVL>- jjja -»■ i aalb I i ^-— i j i »"j V LuLi ^ se t^a cJ 1 ^ '^— i il 




«j' ajJI 



3iU j**£j &dj ( w-r ) j&£ 



_ n _ 






foUi 



4_jiJjJlj 4 M'jj-Jtj A-uaLa^M 4_JdJjJ! L^-La jljjJI J LgaJtJI (jIiLj^ (J^ 3 '" ^^-^ i-^JLj-A ~ 

.4jJ^=j_LJ OjLLaJI 4-Se-JaII *ljj>-l j^= jl ~Y 

.(^jzj^r" i nil 4-lCjj cA^J ^J"^ 3 -^' OjLLaJI <Lae-LgaJ[l ^_ <_3}LiJl A-ijIaj fj-"-"' "^ 

■j i >i-»Jl (j j^Lli^j a! J-a-*l i «L) '**<■ se ual . ■ A_ i-iLoJl 4_2jj_La 7tuii aj I La i ■■ i a 1 <ii u j ra-j-ujl ~i 



.4_» 



O jLLa a ~- ,'s\\ i Qkj < Vil) . ( ~, <) , ,||| ^_ije_La J^~* '"■ (*-^"j' ~ » 



(a_^3^j 0) 5 jljjJI I A j ' a C j LaJa 4 1-Y) J^ (Sj 1L) 4ja_ii?j.a (^Ij^s- (Jill j 4 jj ^— J a OjLLa 4ja; Ja^a - V 

160 Gpm 4ie-JaJ,l ' aj ■ ~~ LajlIc jj^j 4_L.t-a J^t-t-juj 4_!U* J^=lA!I <_,!£. *J9j . 3450 rpm 4_cj_<-aj jjJljj 

: (jr jVl /T*i H [ u| AJ 4 (^ ^jgl S/ jij tl -^) 
. 4 -»■ i>» t I <", qi n ~ 

. 4 3e ' '-" 1 , 1 <5jju9 - 
. 4-5e-tIaJU J J* (*ii~ ag I ^^— ■ - 



- rr - 







2 , „UI :tlj 4_ilujjl!l ililie Jail . /-J^llflrtdJI 

2 , „ul » llj 4_i_Lu j jliJ 1 ' " ' I 3e - ta t , I (J J* '"'~J ' ■ 'J^^j" 4r A^ajLjJLI ♦ SjlJ^^JfiJ! 

2 , „ul »1lj 4_tJLujjjJl ^ 3e ■ ta t , I (j^-i (J^J-^-'J' "^ 

4 LulaLi II a 4_U_u jajjl ^ 3e-tla 1 ,1 «.|>j>.| ( a i a a ~Y 

2 , „ul »1lj 4_<_LujjjJ| iliLae-LgaJU ' . 'j^—j"' 4r A^ajLiJLl ~Y 

. & . ,. La LiJ la 4_i_LujaHj I ^ se ■ ia V I J-^C TJ^" ~ ' 

.sJlj^jJI ^jjjsjo £ys l-\ - (jLSjl (J I (-jjJlIII (J-i-<2J (j! ~Y 
'"''-*■ tlaJ ,1 /jiaju 77JL4-! .j-""- 01 ~Y 

i~il -^ ,\ $ It 2 » i - -^> 1 1 <ji)L^3j_<iJ| <ji) L>. jJ Ll^a <L*j>-!j_« - Y 

■ J LaaAll lj-£J (JJLaj-II ( _ y l ' V» JI s-j-^JI 4-<-ujL4-4 - i 



- rr. 













Turbine and submersible Pumps 



i±j4*i\-t 



(Jjii-flJ lL— -p- 4 axaJtJI jLlVl jj— * s-i—U 7c-tia-J L$J— !' i_H- : ? Eja 4r ** ' " Ij 4_i_Lu j jliJ 1 '*'' se ua U AjJej. 



jl 3 Jl>-Ij <LL>-j_a CJ) J 4_u-ulj 4jj_^=j_a OjLLa ^ se 1 2a " (j-a L-uL-ul (j-LCjJJl ^L^= £jj ^-— ■ " J j 4J, LtlalUl '"'' se tiaJ ,1 
\ i"ilaj 4XUMJ 4-Se-tIa V ■ j g-3< ' .(jlj> i >i II i La '" se a p a_Lll ^j-a ijj^~ ' ' ^° LuLC. jl «J a -^^ L$J (Jj>-I vi.1 ZjJulLo 
(J-^s-1 va cl^— ' *■'—>' O^J"- *■" S» J ' " (jLa-tia_!a 4-LaJi us *_2 i\a s-ULI 'kc.j—us ,ya A-^.1 »| aj_J| a-iia «J| yjl -Va Julc 
4X. o-i-ri a^ J-aL^m ^j-a 4-C-a-a-sia (j^— ' Cjlujla J_>-la 3 )'-}] M i f /— -lc I gJt-i ^ 4.se-tla I ,| J^-l *_a *_c->lJ A se >'■* I ,l 
.j_ljjI «.La ^_ U^-i jl Lujj». sjj_aJLa (_ r -&J 4jr i ^i I, I (j-ajuj .«.U,I j_u (JS-I JlJ j en i uJ (_ y j-ulj <_^a_i_il JS-I J I ^tj a">- 



iil^p-a 



S il.il ^^aic. 



Ajjjjjjj 4-j. , u.^ 



Ml 



ia 



iLa u 



>4 






i^biijij ^LuutfiJ! a&ai ( w ) j& 



. rt . 













Lineshaft J JfrlaJI .ij_**]| <J1)I J 4_iLujjlll *L*fc^a t, I La-fls jLiVI OJJe -^ a t j_a jtjjj -■ jLc^J ljILLA 

SjbJ tiJj_rta £_^j-a 4- L^^iu Jjj-oJ! (j o^-i jj < Submersible pump 4,„UUJ1 •jin^tlj turbine pump 

2— L y2ij*$\ 7c-La ■ " Ci^<J jlHa^M <Jl)Lla Juu <_ r lc jJ_^=lJ Ju3 (_jJ.1I <Lj-Lujj-l!I ^ 3e i ia 1 ,1 *« . ~i) J 1 ^ "■ 4 L^-La (_£^? 

(Id i ul ' i ^— I J ' ' d j ~*"''J? LriA 3 C-lJ-4^- 3 J j 01 < i ■■ Lai » II 4-Je-tIa V I L£j)_rta Lai A se. • ia 1. 1 Ja_aJU (jjjj))_J <Xuy 
4_jLa->J ( _)^L>. ilLtrw a I La ' ' -}J)j— a „.' ' " ' J ' La a S J 1 c J .' c '-#-"j'- i '- 1 f\9-^di J"-*-^' f" 4r *-l9^'J^' **'**•'*•' U 



1 . ..Ui »il 2 je , a 1 , 1 


(JjjIaJI ^aaII Clli 4-lLujjIII Asr t's>\\ 


r 


i«il All c-l A"jl -I i 2,^A"^.;<5 i^tj-^^l a^I A^— i 

101I01 jUUV.I --dtjUt |jtx", ,1 «jfl^-*M J'l^- ^ 




^ 


*-2JtJI (JjaUtaj L*Jj^>Jt,l ^1 (Jjj^sjJI 4-)jj».<-£» 
<" 'Jd^~ ' " J , ' i -~ , J i<l i^-t| 2rj^-»-Aj 




Y 


Ijj (3000 rpm) 1 i.,.,*t «-*j>"i <-4>^l ^j-"- 

^Lc J^=Q]|j ^j-JI Jjj^a 


|*tt CJa| jf 1500 rpm') 1 ', 1^ ,U, ,^tj ^t 1 2^ ,,. 


Y 




(aJl2 ^ Y • • • ^jlbO In. n*t j i^l (3-*£. 


( u t<~X\ at^-i »,h«i Y* • •) 1 1 11.11*1 J*al (3-4-c- 


1 


vjjjI (J^-la Ly*^- tli'*Lx3^J2il (tiaju x_a /, <"<LaTiJ 


a -> , >> 1 1 2 nl A", , ,, V Ijl/M jmII 2 nl A", , ,, V -y-r. ->. t 





1 q~ 1 ,"" 1 > , , ^s «i 1 - , «1 A 1 ■»- 1 " -». 1 


^ * ■ t| 2 \ q~ n*~ t Jjj u 1 - , 01 j ■»- 1" -». 1 


1 


,L ,,^11 2 ,l .t »l~^" V 


J , i ~,"1| f. 1 1 J 1^ jlj. 1 1| j ,>>»t| * ,^j , u , ,^1 -»-h-^ 1 


V 


I 1 , , ,,'t 2 ill<r l^Al^-i" 


1 ( 1 , „*> 21 1I01 l^~Al^— 1" 


A 



Lineshaft turbine pump :Jj>kJI j>j-«jJ1 oli "ulujjill <je^aJ.I >-Y-£ 
ji Lp q ^i^j 6000 m /h ^Ij^- (Jl Ji^'t -i(-ij-*»j 2 m /h ^l^^ o- 4 olie-JaJll jut ajl^ fjuj 

200 m (j_C JlJJJ Vl (J-tia aj (j^aJj ^p^j^M ^1^'" Cx^>o 600 m Ly l\^>. ^J\ J-uaj Jt*3 iJliLj" 1 >i a £jjs «.U.I ?«-2jJ 
1 ~ 1 1 A , ^, I j /i ^j^ » 1 ( ^ -i) (JjJl^s- (j^l-^J .(J-^aLxJLI ^- l*JL_^=lIL>.VI 2jl_jj ' . 1 i • •• ' L_^J«.Lfl^3 jjj^JlJJj V /j ~^- 

2 « « . ^< 1 1 cli V^=3j mi 1 1 Jj>-V dilie-LgaJLl 

- ro _ 



uiauiaX\ £l$ii 






d^bJJIuVVlixffi 



— 


<UjjjjjIu! ill lie LtaJLI dtl fl-Lolj ■* ^^ tj "£ ) Jjjlrv 


rpm i^-ait 


(m^ 2\^j a J^-t --.-v-tl 


m 3 /h i*^l 


jJj_l!| (_)j_ul j-La£ 

(mm) 


lW 


Jl 


0-* 


J\ 


Cy 


2880 


4.6 


2.44 


18 


4.5 


100 


4S 


1440 


3.05 


1.52 


39 


18 


150 


6S 


2880 


10.7 


6.1 


78 


45 


150 


6S 


1440 


4.57 


2.44 


59 


27 


200 


7S 


2880 


15.25 


8.8 


118 


64 


200 


7S 


1440 


5.2 


3.35 


91 


45 


200 


8S 


1440 


7.0 


3.05 


173 


73 


250 


9S 


1440 


7.6 


2.05 


249 


114 


250 


10S 


1440 


11.6 


6.1 


363 


182 


300 


12S 


1440 


14.65 


9.75 


546 


363 


350 


14S 


1440 


19.85 


7.64 


756 


450 


400 


16S 


1440 


27.4 


14.65 


1452 


907 


500 


20S 


1440 


37.8 


24.4 


2160 


1365 


600 


24S 



^j-ilU jj_*aJI er^-ojj *UL tJ-JjJUl 4-lL^i 4_^i ^"lTls ^JLi!! Lai enclosed line shafting < J LUI jj_*aJI 

.open line shafting 

j_& I n^— ■ OjJ-M CjLjjJj*. ^j-a LaLu <_yJL>- *m (j^^aj (j I c—J Lalu (_jj.ll d)VL>Jl ^_ < _ 3 _jLiJI f-J-iJl ;> JlJt" i u-j 



- V"\ - 













4 ( >i j I j OLca^SBja j\ «. 



>. I 4^5^13 ^j_a 4 ( Y~l) J^— i "■ 7c ■ ^"j I n^ -1 <(»LC J^— i ■"■ ' 4_i_Lu j jUJ I SjsejL^aJ,! ;jj^~ '""' 

. Head assembly <_>*!>! I icj.*^ - ^ 

. Column pipe assembly L-3j_t.aJt j^^c ic^*^ -Y 

. Bowl Assembly i^LLJI Ic^s** -X 





isij£ jA?" .. 



W 






|p-pnl-nr 




j^i j>^i u i J 1lLuj>l1i a*<ai ( T-t ) J5^ 



- rv - 



XuLtllSJt^l 










<—)j hi 111 x_lLa Jjjjt-u^ — Co-liJ 4_aLC_S — JijjjJl LfJ^ta 4-JL>. ^_ <L^=j^>Jl JJLl (j-ujjjj 4_Cj_aJ?t« jl ^,'J j^— 1 11 

.ojjJL (JjJjJ,! jj^jlJI 2JL>. ^_ (^jJjJjJI <Lcj-*j?eja — 

f-2-S (J-gjse.gj 1— JLc. -ijjj (^■J-!l isjl-i^l LfJj^ta CxOxZU a JlJt-" < uJJ j-AjJl JljJlj>J| ^ya LJLc. (JjjIjJI » 1 1 gaJ 

JlJuJ 2-jJTj 4-jjJ_4J Cj-JJJLi Jj-jJjJjJI 4_JL>- £— (JjjIjJI -S_$3-^ i^ - " ^ ila aa* jl 'LslSj (Jj^la £)£, 4_<-uLLaJI i_3^Lcj 
x_iLa 3j? ' ' ' a ' -^jj— ^ *HLj (_3_jJjJl!l 4_!L>- ^_ Lai tJ-aL^m ^LaLSj i ul £j' <a tla I i . ■ .i^apjl Jlju l a j'***'^' '-HJ-^- 1 ' 

.S.U.I <—i^ i >i" I 



AluJA 







i j^w ti^ jp 



c.UuU (j^j^ 






jjiJl £j£ 











(JaP i j '^)^- A ' 4£^a. (JaJ 4x- j-aa-a 



ItlUtfill 4**41 ^ ^IjJI "te$AXA (T-i)JS^ 



. rA 



•UiLtllSJi^l 



•UfiljjJIuLiudll 







2JL>. iL. ' j ->JUt!ll1 (_ij_iJI J! iaL^b^L J_aL»Jt,lj 2jIj*^I jj-aLcj i flj •* ?l jj gr t j_a icj^>JU jj^-^"" 

.(1~1) J^-i m< jiaJl < 4-ujUJl JjuL J.aL>JU ^al^j ^1 Cu)Jl J-»J*J ^nt CjjJL) (Jfctlj^Jl 

^_ i k-tlitlLlI c_i— uul Lai ^ u j I ^ a dj^L*^5^j ' J 'J ' La-i3 J . ^ jjj ( ■ a j '-^ ll s j n*~ (Jj-b (j-"*^ -1 CrAi' J*-^ 3 ' 4^^-j 
.3j|jVl ^j n*~ (J-aLta ' jj'^J " ' Cujj i d Lga ij j" a (JljIaLi ^jj^ -1 " 1 ' 01 OjjJLi (Jj-iJjJiJl 4-5L>- 

, ^> ~^ 1 1 j JjajJl Jjau>J <U-al i n a ■* jUI U /i 0L4J L^-ujLjJ J_lC JjjJlS «.U,Lj (jjjJjJiJl <UL>. ^_ Lai i OJJJLl 



f. Lail - ftx-k^a 




eLoJlj (J5JJJJ 



ejljVI JjxIx: 



^ c^UJI ' j^U' k_j iij' 






ojljlVI J^olc- J"^ " 



t a^j, s-.\\ ^^aixA 4_L^aj 



' t j 1 all JljJx. 



^S^)-<iJj Ja±i «a ^ lla 



Cjjjll Jj jj 



^La]! - ftx-k^a 




j^W ti^ j^ 



^LlLuj^III Aiswall ^ kij^aJI i$*c "<U.$*stA ( i-i ) J&u 



_ n _ 













•.i^LLaJI icjjwfca T->-Y-i 

4 SJe-iia U (J^>.|j_a JJlju tljLi-uLLa 4_Cj^jjejo jl ajus-lj iu-uLLa Lje_cia-*l!j .(IjOWI) ^L-uLLaJLi ^ <i 1 uJ i_3^Lc (_p-l-S 

u j" Dj s~.^ LI JS-j^s jl^£. ^LxcuJI o-"1>j J-'^a-u tL-p- (Intermediate bowls) ioiull ^LoLLJLi « , ,r> 



j se />> 1 I 



£>** 



jj£. LLJI i^LLaJLi 



£— jJj_^=ljJ 4Je_cia_Ll J^s-lj-a j_£Jlj>.V j'jJlJI j i ^- «J| ^j-a 7^jL>Jl s-LLl jjLj-iji] «L>-jj3 4_iLL«J 4_<-uLLaJl (J-*AJ 
(j^-JJ «(— Li-i » » - aj i>L>ol £— jljjJI j-tJajJl jjjo /Tj^J *-LU £)! j^= J3) 4-iJuJI 4_L».j_«JJ jljjJI jji^ajul jj^*-« i>L>ol 

. ( 4_Li,«.a ^Jj'j ** "" '^ . J?-- 6 -* 
jIjJlJI j tia «il (j-\_ ' '— 1— i_->J I (JliLSirwj L^jjlj] Jj-aLcj J-ftj^m ( _ 3 _<-ulj^= I t^a-j| 4_<-uLLaJI 4_Cj-«j*ja J <a ("1 " 

.4_<-uLLaJlj 



vilja_»3b Jj^UJI Jajj (JjU 



ILAU 



Jl o^il ajJaJtJl 



pLoJI (jLi 




LiiaJI 4 "'1 Jail (J .'-*'"■"' j-joi \£ 



_ jt 6^il nj '-*** il 

- ^ Mil m (j ?-*-■"' j— ui \£ 






C- Loll jLl uji 



lugjjxii 4**41 ^ AttLbJi **>**• ( o-t ) js;« 



. * . . 







Submersible Pump l*±l»l\l**t\ Y-Y-i 

2jl J^l Jj nf (Jj-LaJ 4j3=-lu 4-iLujjlJI (JllUt^aJLl I§_ J <^ I ,~.. « j $ tVi 200 111 ^jX. j-ilII Jj-a-C -it-ij>T? ^^^-^ 
<JjJlJ9 I|_ Sj-u ^— oLj) uA^ °J-*\ Ji' , ^~"'' „' La- 4 J-aL?*-U tj^'-i i^tl^— ~^V1 I§_ 3j_Li^= «jLj ^j-a dJJj «_lJj Laj 

.^r \\ .^.".-aii j if ."<! -»■ i>» 1 1 ^Jui a I J_a-*i i ul ■*■ ■ < ajj t * se • ea I , I (Jj* <*ii" 
( _ 3 _lj^^3 LfJj^ta Ajiir" i >i " L^jI Ct*. jjs. <_3j)jJa_J| <>Jui ^Jji, 2 . ..ul » tl il) Lae-LgaJU aI Jiir" i ul J <>» A t I ^j^^ I jJ 

j— i-ul pL^ ^- I— aLaJ 4_m-LaLc /j-^J j'J -1 "" (J-a-*3a ' \ » W J^"" 1 *"■ (j-a 7c i ea " ' I i ^— ' J se ■ ia U J^ i ul < i^=)_a 

. JjJaJI (_jj_ul /j a i nj (Jj^-La <_)j_ul Jjjj-La £y£. tf^Lcl ^l 4jl2Jljj «.Lt! 4_La <_>-*- r n" ^~^>- 

J^— i ■"< *-j>-l j) (J_a-*JI 4_JLjvlaa < i J^~M~'' C..-Q- (j-* ^-t-Lu j aHJ I * 3e i ia 1 ,1 ' LaLaJ 4 jj ■ ■"■ 4 m-LaUdl 4 je ■ ea 1 ,1 a 

Lg-La J-iL-ul ' . i ^— j a I j ^— j se a jjl VI (*\~£ 

J-jaisa ^.Ljjn- (Jj-C- ?i j j 01 I j_! «.LI,I ^_ »j4j>.« x_a < i_ul_uj ( _)^L>. p j i ■ a " 4 ■ ■< Laud I 4 -»• ■ ia II l£j j-s-X a 

.4-ILuiaJt jLiVI <. > f ft L_Lj (_yJ^>- <— i-<-=»oj 
ThrilSt ) <_ 3 -*^-i J_<-a^>o ( _ 3 _<-uj^= < _ r lc Sj-lJ --^ II CjU mi II clil j 4 ui Lai Ltl '~tl A> -^ 1 1 <~<l ^— j->/i ^jJLa^j 

Cr .le.Tjj l i 1^. ^r-ta^ J_jjj^>o ^ ■■'j^~"3 u \hm \\ 4 he. < a LI «_sj J-^jeTuJ Ltilui II ll!j^>JLI ijL^J jl-^. (bearing 

.iie-iIaJtl J-Lt-JiJ |ja «.Lul u ^seM\ i^jIaJI «^jJI J^reTuJ tiJj^Jt,! 
(j\- 1 2jj^>-jj3 SJ Laa a-La ij.Ll>. A_2j-C. L^_l2 4 (LxjlII jL-lVI ^_ 4-ajJr" i u U 3j_lj_^3JI (Jl) L^= j^>Jt, I ^j a » ' Lai 

.4 j i iijlj 4_<jl2J (Jj^jso (jr <-ulj^3 jl ( _ y jjjj^= (j^- L$J-^ >, - 1 J <LJe_tiaJllj iiJj^>Jt,l 
jjL^=_uiJL 4_Ll>VI (^^L-Lllj Jjj| J_j>JI ^_ ' -x ^— j" (jj-^2 I j_! ^Jjt mi *itl «.jJl^j 4 i - Lai Lll cl)l 3e tla U jLlaJ 

.jlHa^l l^VT Jl J-i-iaj Jl£ 2 Jljju (jLa^-l £y& «-U.I c_>-L>- « j Laj 1 1 ■" L4JI I n^— 



- i^ - 












Discharge pipe 



Discharge bowl 



Discharge bearing 



Intermediate bowl 



Impeller 



Up thrust collar 



Intermediate bowl 
bearing 



Lock collets 



Pump shaft 



Suction inlet 



Suction adaptor 



Pump/motor 
coupling 



Electric motor 



JjJaJI (_)j_ul 



JjJaJI 4^uLL 



JjJaJl J-sj*^ 



Lka-u-u a 4_ujLL3 



jljjJI j -^» 1 1 



*-2jJt (3>^ 



2 , „ l t- — > T 1 

J - ' "J 



.i_iTu 3 J 



*> se -^ U -la-aLc 



Ji>*J-a 



AJuL& i 



iajjjjjLa 



4Jr i >i 1, 1 Jj of 






10 



11 



12 



13 




uiiiti^jjziti&ain -Djsti 



- £T - 












jj)U> 



j_£J— a iL_ij». (j—a I n j 'j ' (3 «>-aj| («— &l /__ it La « Sj , ,. Lai »'' a I 4_tijjj ajJI ' " ' I se < ia 1 1 a! J-a-*i i « 2t 4^>.L»JI La ~ 1 

,Jj< ("nil 



(jl o (^i I jljjJl J-t^a til 77jLtja J_Lc 



p ajJI (j-a jl 4-} a-cia£. <J1)I j ^ jj ^— > ) a jLLa 4.ae-L*a^a (j-a 4_jj_u nojjI 4 se • ta 1 ,1 jlQ^~ '""' ~ 

5E.4J 2 , „ Lai » II jl 4_tijjjjjJI 4-se-tIaJLl (_p*lj_a Jus-I j^j>o ~ 

.aJlui a^jii j\ *m jL>^ 



:A-se-p: LaaJI 4jLOMjIL».| ~T 

jjjJI <_yj.il ~ J-"-^' (J*-l-i ~ J-^' CS"^ ~ 4 uilautJl <La- uaJ.1 iiJ>sta Ctuj " 

j_«_ul «.La TTjLv. ~ J-"^' *'- a 4r JJ-**- 4 ~ 4_u_ujjIUl 4 se ■ Ja I , | ^_ jljjJl j-t^ajul ~ 



Cr>J^= " c^lj lSLP^I 



4 (((UliJI 4_3e_Lia_U tlljjejo paj 



2 , „ul » tl j| 4_t-L(j j jit] I 4j5e-LtaJll L^-La JIJ^— ■""' ^Jl 4 i "j\pl <^1) LC j-aJ*jO Cj^LjJI j^ajl ~1 



. 4_tJLuj jjJ I 4jie-LgaXI ^—(JjjIjJI 4_Cj_aJJejO t_l)U^-=a_a j^= jl ~0 



4-cuiaUtj| jl aLJLuj^jJI 4Je-i-aJLl ^ i flj-LaaJI > j n ^ <Lcj-aJ*ja t_l)U^-=3_a j^=a jl ~*\ 



2 , „ul »1l j| 4_tJLujjjJI 4jse-LgaXI ^_ 4_<_uLLaJ! 4_Cj_aj*ja t_l)L^a--=3_a j^a jl ~V 



- tT . 







: ( _ y lc lj->Li <— ljjui.1 jj^-ij 3jo-^JI ojui Jo"^-i" Lajj£. . i«l > A *V< 

.(Jjjs^^I clilie-LgaJll s-tj-^-l 4-2jjla ~Y 
.^£jJ>-z\ cliLse-LgaJLl ^j^» ' a I JlJt" < u| L-SjjJa JljJuso - T 

i~il -^ ,^ n It Z»',,s*\\ dlL^3j_<iaJl til L». jJ Ll^3 <L*J>-Ij_a - T 



- t t - 













The other types of pumps 



Axial flow pump : jb>JI ^Uj^aa Aa^I \-o 

.f.[\\ f-2j <_r^- LpJ^-' 3 (_p3Ljai»ol 
4-se^ia U jj^cjo <>L><jI ^_ 77j_>o_j JS-J-J s-Ul (j| «L_La -»■ i a Ibj Ajje-cla t.l 0j_il> «.|j^>-l ( ^ ~0) J^— ■ "■ (j"*-^ 

(jjl jiULI «^j JjLla 450 m /h j "j;^' ■ «j ■ -^" uLiVju*-a Jl i»-L»JI jiic ijiiLVi^U (j-a fj^ll '^ ^jljcTh-uj 

<J1iLj" i ii a ijm f\X\ f-2j (JJ 4j>-L>JI J_Lc <Ub* j_a ja^al aI Jiielu-ul ^j^— 1 1 j 4 ((Jj>-IjJLI JJuu *_a) 15 m ^j-a ^Jjal 

.4jj_oj>JU 4_ilujjl!l cAlx ' ^ — 1 1 4JL9* 2_ tiJJi J " j;^— ) 
x^>-lj) 7500 (j_a j_i_^=l 4_tCjjJI 4_Cj_<_u_!l £jj ^— u (j! La Jj j 1 Laj I <Ljjji>JU ^ se 1 ga M jLpi-l J_Lc ( _ r clj_j 

.Hit i^mlt igjl i^"(g|VI JjjLJlLII jl 1 uaJ liJJja ((VY) J^ & 



/ 




jjya -fc")» ^gjj^S tllai 



lq.,,1 1 I la^ill l p 5S t^-^ 1 * — fi^iLc. 



tUll Jji..i 



jb>JI 4jj$*« 4**w ( ^-o ) J&£ 



- to - 












Mixed flow pump *. jb>*J!4klI*« A*tiiir-o 

(j- 1 *a i ujlXI *-2jJlj i_3j_uajJI (Jill J i_£J^=j_LI -ij-LaJI '"'I se -^ " f'j^' ^>-\ u-^ 
4_jjlj «Ljs-J)jj>. <>U>ol » » - a j La-Lu ^ se ■ ga LI jj^ta <>L>ol ^_ ^.LLI (Jj^io <>L>ol (jl (Y - 0) J^-^ "<tl ^^a i fc>-^\l j 

^_ 4_lLiTl4\ /j-\— j ' La i ug 4-Je-cIa LI i.'i a in a ' ) ' ^ "' (J ^~* ' '- ' ' ' " '* 'jJ? ** "" ' ^ 1 ' ' /j "J £>\—><-i X\ * a 4_Ljjlx 

.4Jjjj>JU ^ 3e ' a 1 , 1 J 4Jj_L^2 1 d_LAlll SJb-laXI 

4_lLu jail] I d ->■ .^ -ill i-i-^J "< Jt— 1c L2jL_ui I JLu I i^— I /jl -T" VI '**'■ 3e-(ia a ^_ I i ILc 4-Je-cIa LI <>J> <*> j* > """ ' " "' 

2 , „UI » tlj 

7500 J 3500 (j-u 4_lCjJJI 4.C.J (M II jj^— "' (jl La J^ixLall .Uh^. 1 1 (jbj uJI £ie tla a jLlL>-I J?f, ( _ r cljj 

.((VY) Ji=ui j^lj) 



^.LaIi tj^^^ < 



slJ 



£JJ=- 







^UVl jlaall 

^jlj^Jl j^»'l 






$ 



£JJ=- 



jU>«JI aiallsM ^<a jljdJIj^uJI (T-O)JS^ 



- 1\ - 













Open-screw pump :^>iitl2l^jUl2l*id«Y-o 

.jLLal ^ » -^-> ' ^Jl*jJ 
^gj— ?ca J-i-I.S jaJ_! ■ i ■"< ». Isaj^La £j_ a 4 (T~0) J^— 1 ■"■ £j_ a -»■ tia " 1 I ■t^~~ l 4 4-je-cIa 1.' 0j_i4> £jj ^ajj 

.4_J! 



5jbl Js^U £*>* lSj^"> c^ * U 



(jJljiauil <_J ja^i 




^lafla Lc ^ fti^w ,^3 eLa 



v>iai^^jii*i4(T-o)js^ 



Reciprocating pump t 2b^>fl Ais^ill t-o 
<_ij_<iJI o^j-^ 1 ^-f*^' "^4' ?rl>*lu<l 4- Reciprocating pump aj^j^I ^-i-^l lsej^aX\ ^jLkiuu 

2\lj U , „*y I ^jL>.j (Ji-I^ J] *-LU jjLj_<-u p j la '" ( _ r ic- (j^LaJU (jLaLa-i^j LJ 4-JljJo i u| (jS-lj 



- iV 






^UcljjJIuUufli! 

_>JiUT 








*-9j JJ (Jiuil ,__!! ■* A. i '-.^ll Jy Ui i •—'< La. Vic 
7? j^aJl aLa^a Jjiijj (J^k^]l aLa^a 7&&-& 



(jaJ^ajl i]j±j ^^-Scl ^1 4 ■*■ i '— all Ju ■ , ' la i LaAic. 
a! a i *■» Jjiijj ?r j^^aJl aLa^a ?cA9j3 (Jiujl ,__Il 




(jjajlill 57 __>i»Jj (__v>uS-a]! cs"Sc I )£lmJj f. Lai! •>- ■ aJ La Ij* i aj JLllI (J j_^j )l _)£j AL-a 
(J^k.111 aLa^a JJC pLaJI L>* -^3^ ' . w ' "? dlS^all ^_>u&j ls^J . A ^ ' *" ^ J )^ -a O -6 ^ <1 



I4U6 l&j>bj AJ^jUl ut^il £l_*Ji Jb-i (t-o ) J& 



- iA 









d^bJJIuVVlixffi 




Rotary pumps jSjIjJJI uLnuail 0-0 

J^ ui I gJLa 3jJljlLj VI ^— uil jljjJI Lftj-tla-C JtS-l-J (_j3-JI <LuL>oVI ijsJjVI ilalie usjH fl^JI J^>-l (j^Jt 

alx^ ^JUjlJI (jjJll o-^^j ' 350 bar j 2000 m /h Jl cjUcJaJll <> jl^ lLjl^j i-kj<^~ Jjl*-« J.^ 

.2-35 bar <j^j £jl>b ^U^^U 



«UJ^=jJU eJjLLaJI ol V tiai,l 


SjtjjJI olir <MJ 


f 


* ll t ( 1 f aj "■*. i L-. i <>>! , l-s i" } A 2 ->. / >s I, 1 I «.i ,~s" 


* A \ 1 ■»- j> -*- < l-> • <-^> (j<* J S~ , ,. «i*i>i\| i «i<, .•-»" 


> 


' \) ' ^~ ' ' ^ "*" ' ^ ' l **" * ^~ ' ' '"V* 


2-5- />S X, l Zf \ fl<Z— i 


Y 


Jt!^^ 3 ^ <J1 ^^ 


v , ,>*-»-" H 2 l"l \ 


V 


JM,„t| d-^jjl i-, /^ A Vil l l^— i l^VlA^— , \| \j~ 


2_<JL«JI 2j>.j)JJl!I <ji)| j j-jl^il *_« JjjL»jj 


i 


,U;,mi;l. 


j^*«i,Ui/^ll I a] 2 4. «>>t,| 2<~^ , ,. \r i Aj /^s"ll I "« i 







l"«ljl^~ <*VI ^J^« > l ^ tj ~. t l«l 


<J1) 1 j 1 jlui VI t^ya (jjJ^*" J J* '*"" /j LajtJ 


1 



.SjljjJI ill lir i *a 1, 1 flj-JI (j ^i t j I T'J-"' <_r^J L ^ - l Sj 



Gear pump ^jpJI oe.ua.* > -o-o 

LaL«j p^~ ' Je ^ a 3-jj>- JS-Ij £y i -^— >l »" a (J-laLsoI ^_ jjl jaja (j" 2 ■"< » a £y_«ji>j ^j- 4 O^^i^-* - ^' J 3e - L ^ 3 a £jj ^~ l ""' 
/j <i i >i J L«^i-u J_jlSJI (jjj^pJLi Jjljzl LfJ^tAJ (J-uaJiil (_^upJI /j <i i >i J .(<_) 4 I - 0) J^^ ui ^j_a -»■ tiaJij I n^- 
.4_»JL>.|jul (jj/apJI 4_»_tia_3a 4_o^jL>JI jjj/avliji 4-3e-tIa^a I <i i^ jJLCaj j^uapJI cliLse-L^aJLa .x-JUjI ^yjCaLi \s>- z\ 
^j 1 -— i •"■ (j-a ■»■ '^-> j ' I i^— i g^>-jl-^-jl i jJJ 1 ^-^ glJ-uviJI jJLojjI J - alij 4_o*jL>JI ^jjjaCu] * se ua a ^_ 
J^— I •"■ (j-a ■»■ tlaJI ' I i^— i (j^-L*-!^ 1 -!! 1 jJJ 1 Cy 3 ij^-^Jj-U] (j i*in ) 4_lL>.| Jul jjjjapJI «L3e-tIa^a ^_ Lg-Lu 4 (I - 0) 

.(c-J 0-0) 
- M - 













iJjLujI U^^ 



(JL\* ^jj 



(JjLujI ^-jj^. 



xjlUJl j__)ijjj]l 




A liAlJ ( W Q U 4_2k, 



MJijJJ 4 -s. i ^.a _<^_] 



AJAi iLk Qjijjl 4-v i>..rt _| 



jajjUl ulibwM ( o-o ) J5*i 



(jl I i »l (j^- 1 -^J^J-t' P'J-^' ^*^F (JjLjJI Ji^-Ja (jL-upJI JjJkJ LaJ_Lc 4JLl 4j3cjl^XI (J-s-C ^JLj-La ^j a 3e lluj 

V iicciaJLIj .O~0) J^— I ui (j-a *»■ ■ alb I n^- -1 iie-La-U 77jJta (J I J caJ (_ r ^>- 4lb>-ljl j*jJ tt~p- <— S^LiJlj <j-l_<-upj| 

4-LaJi < a pLflJjl L. J L_4-4 (j It a j— o- 2— (J5I ■ " 1 1 •»■ i a. " L_^_L^=Jj J" i u ll daJi < a x_ 2j Jl L^jI J_l (_£.}|_J 

daJi LaJI f-Lajjl A-daJjJ aUia a I Jl^t" i ul i_oij I ju t jl i> g" < «L) 

* 3 

7c_ca_! LJLc. aJlJt" i ii "j 300 HI /il ' a j ' -^ "' (Jji-J»-aj 35 bar JaJi La (Jj-^>- * "- t-a t ' <>Jui Jji mi" (_£J-a x_2j 




_ . _ 













Sliding vane rotary pump :i2JjJl1 L y^\ ^li SjIjjJI Air.^U Y-o-o 

i_3j_C «L_Lc 1 mi m L«_« i_3^L«JI j^=j_a £y£. 4_Li.t-a 4-31 < >i a 'A-*-'^ j-^ 3 ^-* uL^*" Jj^ (_$ J-! I . j I j Jl! I j-tjajul ' Sjj aacja 

JjI lu tl t-Lai lis j|jj_j£ Lj>ojJlj I ji-*^ J_2j (_,aJI 4 i ^— >■ t I l_3jJ»JI tiJJj ^L*J-2 SiejuaJtl ^l *-jLtl (J^Jl? f& 

. 4Jr i ?> 1, 1 r-j^ta J I (J I^J (^ :> - 
jj-^ — "tl 4_ul Jlj jLUjj 10 bar j 200 m /h (J\ oLkjia LI (j_a fj-^l I J A i-Lai Lb j ■ aj i a " JjLa j 



JjLluJI (J_j^j 



JjLJ 




AJU^Ia AjjoJ \ 




^>ai^j>)lulJ3)lijaa(i*(V-0)JS^ 



Jet pump :udiifl A^mM *l-o 

?-LJ2 jj-^ *L-l' <-'"»• i " (j-C 4j aj i (i a 1 1 ■ * ' 4XM^aj (jT} ^-— i) " -S)-La ** * ' a " q-A ■ * ■ flJLlI 4-Je-L^a £jj^~ '""' 

Jja-j 1_lj>2j 4 SJLc J_<£. 4_! Ci— Cla > niij jj_a 4 (A~0) J^ - " 1 ■"< ^j_a ■»■ ■ Saj l I n^ - " 1 ( tL-AlII ^.mjlo ^jj ^— i "" 
4lLc.j_<-u jljj_l2 ^ i"iLl!l ^1 (Jj>.J_j j«_j 4_jJLc 4_Cj_<_u_! «L_La r-j_jje_L3 ^Lc JaJi • h Cj_>o «iL_ll 4_L>-Jlj (^jLSj 
l_ lSc-cu tiJj j jVC /T-Ti-Ll3 ^$aj>Jl i La » i aa 1 1 ^j-^ cJ^' (J J J ' a ' Ly-* * J-^Lill (3-^- (V 9 *— J>*^' al^a iUaJLti /j ^> d 3e '" ig 
^_ jujlil N ^3 i La \" •>, j (<u ((jia^JeJLtl t.LaJLtJaJI ^ j) j_<i.L<JI Jj^. Jl (*_fljjJ.I Jai laII ^ j) j^-l!I pLi ^ j.U.1 



- 0^ - 













^-LaJLtla j|j>ja i La j 1 >■ 1 1 <Lc.vj-u j>>^~« 4_La » i uj 1,1 «.\^>Jl (j^Li. jj I j_^j a vjli LiJ I 



^^ J ^T - ^^)ia 






jaa i ia *'^'" 







jjulUJI Jjjc. 



iaj i a] 4-^ i'i'i 
4AJC. .lie A 






4_C a^&^ul L_l 



uliil 4£$A%4 ( A-0 ) Jfcw 



i La S^ 50 /o (Jl L^J*.La^= (J i^aj Ju2 M-Lu HI /Jl 6 J 1 (j - *- 1 fjLAii I -^ A^. ; a OLsejiiaJj 0jui ' a J ' " -> " J '"• *„' 

JiuH tP-Ilj Shallow well jet pump i\~.~ ti jL}U ti-iill *~<^ a L*^ jLc^J ct^aill '-»i^-<^ a 
oj^-i" cu_p* Deep well jet pump 4_2_uv*]| j\-dii £~Jul\ Hr<>> aj < L^ili ikx^JLl ^ *j^. ti~*i]| sjl^j 

. vjjjl JS-lj Oaj*.o_aa I j Lc ^ I ■ <a a i a ' . A III 3jj>-« 

Shallow well jet pump :iis&x^JI jL5U d^aJLtl oeu^a ) -l-o 

6.5 m L#j fill t_ij inia i^^^*-^ "^ Lr^'j SJLs&ji^ail jLVI ^j-a «^UI £-3jJ oLaLj^aJLl £ys fjill I Jui aJlst'imj 
pLojjL Lgjua-il Ltaj». jjjkJ_Iu (jP-!' Oj-iiiU 4_jj^=jJ,l OjLLaJl ^ se t^a \\ ^j_a J ■ 2a *■* 1 <_i^e_<-u ^j^a-il '-" *-' jLLqjj 

(< ^j^— i"tl 3j_fl>LLa x^s-lj) S.U.I 3jIjj>- ^"J-^ 

«i>j>Jl <. 1 fr j—ia (4_*jj (J I 4-fljL^a l) s->^>- «L_La jr-visj <(jj|\j». (J I I gJLa 77)L>J| £.1.1,1 p ui-dJb j se-tia 1 ,1 jjt i*ii" J_t£. 
pLi jjjo s-UI '» '-^j' 01 j_iIiL<JI (3-^- Jl -^ c - 4-LaJt-La <J-2;J_9 «Qc.j_<jj jl JJJla j_<IiL<JI (<u (Ji^J-!' JJ (^L*-!' ^ *a » < ia ' j^^?l 
Ajla-j ^_Tl>. <LLaJi ca Jl J)_J9 4lLc. j_»jj /jJa^aeJLj C..-l>- j_<IuL<jI (J^L>- >*J r«J 0-^3 3t_l>^!lll JaJuJa >j3Lj dx^>o s-laJI 



- or - 













.3 v o" < n a i> jO 

JL*£.^ 7eij^aj V L4JL2 (Ja ...j"l.l £_ 40% ^yJI^^) Lg.LLt.JiJ 3«.Li^= (jia-isoV IjiiiJ 6-^=Jj ' ^JLu^j JU^.1 (^1 
J^LL-Lit (_£j 4-J s-LILj JjL-^' jIJljsI 4-JJJ ^=» J^ "'.< ^JlJt'qi" tiUj x_a Lg-L^aJj x_<jjIjJI (3^=-^' <— ''^ l£>" 

.(JjLiil (JjIJls^j ». I j 1 >i -»J 1 



l~» 1 «a i''*^"' pLa 



L3JJ 




^j^S tSlja^, 



J*ii jhi QJJ ~&k*A ( <\-0 ) J& 



Deep well jet pump iSo**!! jL5U cisiill or.^o Y-Vo 

<La=_pj «.Hl Tc—tia ^_ (Jjiu-flJ 4JL)1 < >i tl ' *■ flJul ^ se 1^3 " (j!^ 0.5 HI ijr i\^>. q-C j-j-l!I 3 < c -S 1^3— J LaJ—Lc 

I j use 1 ■■ joj^JlLi ^-jLlILij jLio J I ■ * . A »ll ico^jJta J_Lc S.LU ^j^ «-V^>- (Ja^ejJ *-t~^>- ' ^j^~ '**''' 2 vjiiLla Cj«Ju>J 

4_i sLU tCp" 1 >i a ^j_a 1 ivILIL) <— uJl J^i-lj I j » ' aj[g ' * ■ fllll "LCa^JLa j'^ "' 4 '*^— 1 ■"■ II 0j_& ^J^- ^j^-— 1 1 ) 

.60 HI (Jl (J LAJ (jL^cl (jja «L«j2jJJj «.U,I i.iTi 11" (jl is JljJusJI ^ 3e <>> t I « j Laj 1 •'"' ^yJLlJLjj 



-or. 






iUCljjJIuUufli! 







4_S 



Jij Lis * se us a ^j-a ( ( l * ~ ) j^— i ■"■ ^j_a -»• L^ajj I i^— ■ ( ^ ^j i «J I j Li^U i . ■ * u I 4-je-L^a {jj'~~ '"'"' 
_v" 1 a frl J-js-1 ^jAJja_<_uLa I n j ' j ' j'^ 'j ( j—ulJ] pLJ9 <4r" t ~ x ~ UJ ' ' * ' * ' '^i^t-^J (> rill Ji-J—a J_t£. Ci— iTij) 

. Jslajl 3 )a_<_uLa j_£)j>. 2la JaJLtiaJI is ja_<_uLa 
j_i_ul pL^ ^- ' * ■ -^ ''* i^wy /J] ^M ^— -j V* Oji-LaJI rt.se <^» 1 ,1 £yi i Lsa » i aa 1 ,1 s-ULI i Laii t^a II 2 jaj_uLa J-ajso 

JajJj a! J-a-"i < (i^LI «(_La «-i-^>- 7T> ^tl >^.-^>- 4 3e ■ ^ V' /J] >— i-ul ^j_a ( larr m U £.1-1.1 s > LaJI S ja_<_uLa J-ajso La-Lu 

' . ■ * III <Lca^_3ta (Jl vi- 2(1 «Aj>JI 
(jL»jL^aJ j— <_ul pLJ9 J_<£. (_ i^r i n II is )a_<_uLa 4_il J_! ^_ jjX,aj>.j2l aLq-lo aJLyl i u ) 4j)e-iiaJ, lj •<'*■*■+. \ .jl <; t^aJg 

4Je-tiaJ,l JS-J-a /_Tl>- Jviajl is )a_<_uLa ^_ a L#-t2 S \ a" i >i a - 1 a i <a ' $.1-1,1 Ju>-laj 




_^^jja]| e^^jajLa 



OJJ 



CliSLill 4_r- a^aa a > i iSj 



Jm&jjjJu^J Aaia<( ^-0 )J5^ 



- oi - 













Air lift pump x il^Jb jfijJI A%«m V-o 

(j If I jjJJ J » ■ a /« 4_J^>. (_£JJI flil £>£, l-^j-^ 4i*j>o U-« tjj-iia *UI ^j-a Jjal 2oil",^— 13 I taola. 1'tj^— ^ ^Ul 
■»lfc>/t) | jyj IUj,„. Ljoj^ ^-0) J^ ui (J-ljj .^jIaJI jljJJI '£- f.[\\ o-c #-ljfJI Jj^aiJb tt~p- 
ijr\-i L^aj i ^i " ^J-a 7-jIjILj L g -L u 35 /o - 30 /o (j-^ 1 7"jLh-^ ^-- d P * * '^ ^^ a 4jjr i h< 1, 1 <>J_& Sg.1 l i *^-i j- p - t j 

r^Vb jCUl l£\ VI ^U^= ^Uiol {y* (^jJLij .4.5-450 m 3 /h 

p J 1 L£ul I 4-Ljl r r 1 I > ~ 1 



.AjjJljJLI 1 fl-t!L^3Ll!l (_^aS.j ~i 



8 



£l^_ilj pLaII ^j-a JaJJa 




=S5i: 



■7j 



9, \$All* JSjJI !&£>«*• ( N-fl ) JSJui 



_ oo _ 












jj)U> 






I gj -y u ' La ' " 0~ ' j'" 1 ) ' ~^~ ' La i uaj 



. I j" -y " ' La ' " 0~ ' j' 01 ) ' ~^~ ' La i uaj ~ 
. 4-3e-tIaii I jajta tfLsol ^_ 

<L3e-L*aJLl ja^ta x_a A_j>a 1 % » 1 ■ a ' tfLsol ^_ 
. 4 3e tla 1 ,1 ji*a ^L>ol A_ 

j -»■/>> 1 1 jajta x_a ^Jj'j * ' ' -^ ' <>L>i-ll ^_ 



(jlJ> i nil 4_! jarta 4 5e-tla 1 ,1 3-LaTiJ ~ 



_! (jlJ> i nil ^'"■>" * se <^> 1 ,1 3-LaTu 



AJjj^Jll Air i^ill '£- f.[\\ J^J^ - 



: 77vi>oa 4 se • ta 1 ' jarta tfLsol ^_ 



.jjjj«pj| 4 se tla a (_)-*£. 4_2jvLa ■7-yuj\ 



-Y 



.4Ji]j_Ltl (^Lj^l (Jill J ajljjJl Sjie-LgaJLl (J-a-C 4-2jj_La fj-" 1 ' - ^ 



. I j' i C 4_2j)_La 7* \ <*i< 1 (<u ■ * ■ A « 1 1 4.C a.a^>U, I La i - i a lain) (*-<-u ) I i 



' gJ a-C 4JLj_La 7"j-"fl (CJ ' jL^U ^_Al!l 4-se iia a dsLJ^^uJ j^= jl 



4JLLaJ>Jlj Siae-LgaJI ju^U tL-a_iJl ^Jj ae-tla^a (j"*-> Jjj-^' J - ^ 3 -^ _ "^ 



_ on _ 




■^in^o lliiipillq.^inll piln ill nnlpll niiiiiiq oll 



VbJJ< wLsuaXI 



djUt-tiaJL! djLajyeJLs 













(■lilie-Lga-U '"'' flJeJ a JjJl^o ; l*jM y} I 

t^yic I J -ill (-JjJlUI jj^-ij SjLs^l ojui Jo"^-i" Lajj£. . i<>! > * VI 



^IjjcjLiL.1 j uj^aiu^^mciS^! 






SjLfiLaiJJU^I 



- oV - 













Pumps accessories 



. 4^= vj>JI (J-2j 4.C a^-Jca ~Y 



.U^V 



T ' ^"'J ' " ^^~ l 7* > ('ill (j^a 



IL. I n^— 4_ljj^^=iJI 4 Jl Lai! jJt-Lga a ^ Lg Lai J^_$IUjj Sie-iia pit 4_tJljjjJI 4 ^— j >■ 1 1 j J t^a a ^ A 

.(jJL^I JlII (Jlj^-Vl tljL^j^La 4_!U 4_ U^a SjjU^aJI 4^LLU jju^a ^JL jl 4-ubj.^JI ^L^j^J.1 

Internal combustion engines .^^1 jJI jjljiOM ^L^j-a^ > -Y-*\ 

^_ (»L-C. J*^— I "■ ' L^jLal jir" i ul j ~<Z— uj i 4j •>! . x»"«l 4_5jj_Laj r I >j j ^— . 1 1 jj_^a_a 1_£J j^IjJIj V (_jJ-!l jj-^ 3 ^^' 
.4_jjjjjjj 4-sejuaja jJJiJ (J[3-J-i tiJjjta ( ^ ~*V) J^~* "■ 7e-*-bjJJ 4 ' 3j-LgaJ I a (_£jJ|j jLi^i I '**'' se '^- a ajl jl 




_ «A 













SJaLL ^Jl Jj_2jJI 4- i LsL^aJI 4 .uL^-t^sx]! LJaLLaJI Jj-^>o aJT <j-C SjLlC ^^IjJI JjIp-rvVI LfJj-staj 



JjSj 



«.ljA 



/ 



Jjjj jljp. 



.kiLk 







L3'>^ 



S'iIjU.,,1 



VJ 



■t 




ji jj^.1 g2l jj 




|UA4 



(Jjj^jJ plji 



cJ 3 ^ t 1 ^ 



( J*b%WMz*4A(y-'\) i )S*i 



Classification of internal combustion engines : Cr Li.ljJI Jjlj^VI ^L^=jj** - ~r..~~ \-\-X-"\ 

Sp3.riC Sjlj mi tu (Jit mi VI ' " ' I ^— >j se a /j i ■ - J j Jj_£j^= (j' 1 -' J j L^-" ^ i-^" . .. jj (JjJ__Ll!I Q I ^— i j -*■ * -) 



Compression .ui:,^ WL jU-i^l ^L 



Ignition Engines 

jsjj ^ <a mi "j Jij^jJI -ij-2j a JlJt" i n"j Jij.jjJI O L==jj»ia - Y 

Ignition Engines 



_ M _ 













*/J1 I j » ■****' (_jjJ' J j ^— ■ j a I * ' M a i) ' 1 1 iajajjl <. i i n~>. ' 'oJluslI I i^— i 

. lLsIj <"< ^1 LlC.Lij cl)L^3j^*ja - ^ 

. lLsIj <"< Vl LjjLij <JL)L^=JJXjO ~Y 

. «. U, L 3 -i^J-a l*1i L^= j^ta ~ ^ 
. «. I iJ Li 2 -}>J-a Cj I ^~m sejfl ~ Y 
'(J I dllJljIa i uVI c_'-Uj3 <■ qua. ' kl-Laaj I o^— ■ 

. Vertical In line j^Ij J^> ^ Lu-jj cjL^=j_*^ -> 

. Radial jUstl < ^,^'. <>L>ol "L. SjJjI j J^ ui ( _ r lc c_«jp LuLaf ^l^ajj&a -Y 

. V-type V dzj^ J^ m. ^yk. gji^ LjJ cjL^=j_rta -V 

.L<J*L*J*I dlljjJiJt aJL>- ^_ *i*ilj U , „l rj^j ,~„<r MJ 3Jl>.|j 2*i 1j U , „l £j^a l£]j^»JU <"il*iljU , „l JJmjJJ 
fa-!J l£]j^>JU 'kc.j-ui <. i i uLuJ J*i[^Il>.V| L2j^. LlTLaJ j-<Tl*-J (_£ jj| l£Jj^>JU (JjjIjJ *>j ' »^— ■ ' ~ ' I <; j i Laaj LilLLij 

. L$-l2 aJlJcIlluII -SjJSaJ! 

u*jL_L3^L>J| (j a Vjt_! Jj_2jJ| (j *L>J l1)L>.L">o ^j-jj— l,lM ' " ' I ^— ' j sc a q— a LTLjJl>J| p|j__!2l a I -»-" i ■■ JJ 

. l^ljt mi" 2*Li^= *-2jJ tiJJjj Ls-JjJjJt LjJl;LL"*""JI f-l^j^l )L. La jLseTLiu.il 
l1)L^=j^>JU (^LjJI (JjJl>JI (jrt-Jdi '^'jj- 5 ** £ -J- LJJ 3 ^~ *'J^ ' "I -SJ^Cj (*^>- (^-k- L* Li!jj»ja ">jJiJ9 Jl^Tiajj 

: LgJ-c L>oLi!l 2jJl(*JI (^J^aj Ls-Llll 



LvLllI SjJloII ^jl« 


<^m^j 


* 


((Jj-JJ jl ( _ y .t-i-LLa jLc. 4 ^jjj-b) «.|^JL 2j^_La cl)L^=jj*ja - ^ 


jl --^^ Y* • — ^ • 


«.LIL 3^)-La ^jjjjj Ll)L^=jjaja -Y 


jL^u»- o * ♦ * * — ) * 


«.LIL 2^j-La (Jj^J^ CJl^=>jjXja ~X 


II 'in x (ji'-^-»-M ' *j <•*->! '"mjjI '^— -> -jtl jjl /^»-^ ^ ^ <Jjj"»-"" 



. 1. - 







Performance of Internal Combustion Engines : C jJL>!jJ! Jl^ivVI ^L^j_a^ *ta? Y->-Y-l 

( _ r Cj_Lll ^^^^ gj i ulj «LjjJlJ9j 4_a^C <_ r -Lc (J-ls^oj 'kc.j-ui qjs 4-1 jt mi" Jjj l^c j_u G l£Jj^>JU «.|jl_! jLLgaJb 

.;oL*JI CjljLc *_a 4_La i»-jL>Jl (Jlllj^i!! Jj^— j" ^yic i dJJL^aj J^j^l! 
aL*J1 «.|j 2 I 4_La 7r '^i"jij 4 ( _ 3 _jjj>- J-*^- J_Lc ^jjj—u liJj^ta j (Jj-J-i i-l!j^eja s-l.il ^j-a sj-^>- (Y - "\) J^~ i ~« (j^-£ 

t^J^L J_l*1j i^JJIj ^^IjJI (3[p^VI cA^=ijj>X 

iiLLaJI Jtil^2 oLjJ tj-IaJ LiJuu ^j a a he. '<~ Lc-!J 4_Li.t-a ic.j_<_u ^P^>- 4lc.j_<-u jLjjL L*Jj^>Jt,l 3jju9 -il-ij-^ "^ 

.J_l_L^3 J^"^ ■" ' 
.4Hc vj-u OLjj_! l£j >j>iil (»>C- .j^""^"*" ' ' ~Y 
.AjjLj <LCj_<-u JlIc liJJjj L*Jj^>Jt,l <sjjJ9 oLj_! ( _ r £.j_(JI J^JSjJl I ilyi gJ i ul (JjL*-a ^j a a 3e Lj ~X 
.(JUua J-a^>- JlJ£. dlljj liJj^JU 4_Cj-<-u oL}_l ( _ r CjiJI .ijJSjJl liJ^ gj ml Jjm-a _S t -i^J - 1 

: ( _ r jVl 4_Lc /JJ-LJ La-d ^jjj-u-ll CjL^aj^ta ^_ La_a <_ r lc.l (jj^=Q J[J_jJl!I d)L^3jj»ja ^_ 4_a jJelLjii I 
^jjj— LlII '"'I ^— J"-" 4r i| -^- a O^- j*^- iS^'^i JLh?^' ^J-^ Cr^-J-^' -i3J93.il L*J}LgIu-ut (Jjm-a ,jV-.l A^-'il -^ 

j j si ,^~OlVI 4_p*l_Lll (JJS J «>>*«i J[J_jJl!| dlL^ajja^a Jjt Ml" (_Lt-^o La-d 
^_ (^gjl i >i "a j-i_*j (_£J-a (J^L>- tiiiij (j^J-4 - ^ CjL^aj^ta ^_ ^JblLa £>£■ ^ i all I JijjjJl Lllj^sia f»j^. CjLlJ ~Y 

(jr ic a JlJt" i aJ L$JL2 Lg-aj^*J ^yji oi(M dlLuJIj ^jjj-uJI Cl\^=3jj3eji £j£. Jij^jJI d)L^3jj»ja 2«.La^= pLojjV IjJajj 
2-LSJILXi dilie-LgaJll ^_ a Jiir" i n" La LlIulS ^jjJ-LlII Cj L^aj^ejO Lal 1 1 flj-iaJ I <J1) LLajaja j jLlVI ^_ ^-ulj (3" 3 - 1 



-*\\ - 













'''1 400 










J04 


<4j~ 


t 


















_________^ ii ' j*^- aJI ^3^" 


3 1200 












*) 
■g 






















^ 800 

z 
































i-^l »-s 




















L - 'J^-' "> 




















>q " a 






















"^135 










































| 95 

75 































































800 



1000 1200 1400 

rpm t^lja-J as^j^ 



1600 



540 
480 



420 



"*l ^ 360 

4 "300 
% 240 



1800 



1 500 rpm \ 






















1800 


rpm 




















1200 


rpm 











































20 40 60 80 100 120 140 160 180 

kW t^ja-all Sj^a 



*2 1400 
















J 


J* 


id 


j* 


A 


































I. 








'-^ \a ail ^3^ 








•g 1000 
£ 800 

z 










































>q 175 






























c2l 


^A\ * 










10 155 
d^ 135 














































^ 95 

75 






























































800 


1000 1200 1400 1600 
rpm t^ja-all <tj^i 


1800 


X 540 


















7^ 480 


1 500 rprn^ 












•••g} | 360 

Z ro 300 










-^J800 rpm 






































1200 rpm 






% 24 ° 























20 40 60 80 100 120 140 160 
kW t^>-<JI ojjS 



JjjJLaij J>JJJI utfjjw f I A Hue ( T-1 ) JSm 



-*\r . 












(3-^j-ll ->j-*£. j>^=" (jrj_j l_3>LU>J Jj_j^j »mnj i^JlJ! (1-1) J^-i u» (jlj>j-^aJI Jj_*£. (3-iP 3 6-^ <J_9^' 

.(0~1) J^ ui 4 4_uj^^=JI ( " ■ I ^— j — t I 2JL>. 2_ I j^ajjuji (3i>^ ll^ <jJl^Ilj 
Jj <if (Jl ^^Ji^^M (J^jJLl Jj <jC 4-£=>jj>- J-ii! (1~1) J^—i ui I|_ 1 o^-i (jjjj_J (3jJlJ_^3 til! jJ AjLJr"(ifi J jJaj 



p ^>L<1 ^^-dlc. 



lilja^JI 2Lja.U 



4 A. i U./ill 4_ii.U 




i&au d>ra i jia^j\ijSj\ >$aa ( t-i ) js£ 





aSjjbJi jdj ^jj 3jiiud ( w ) js« 



j£u*Ji fejk j£ ASjjtl I J2J ( o-l ) JSLw 






_ir_ 













Clutches jj^jI^I t-1 

4_j|j_l Jl_ul2 S-Se-tla U sjl-i] s j ■T* O-^J (j^l ^jljVl L*Jj^*ja 4_^=jj>. J i a 3 ij (Jj-^sjjJ (_)iajLflJl aJlJt" i >i j 
(CJ-i («Ji j'j ^~ i u jf I 4_JL>. /Jl (Uaja CP- =r ' 'i 111 3p_2 (j-a ■ j*" ' /-Tl>. Vjl l£j vj>JU (Jj* ("i" /J-tla^j 4 ~- < a 1 ' (Jji mi" 

. ( _^iajLaJl (jLjj-La O-^ AJejiaJLl *_a Lj>ojJlJ l£]j^>JU Jjj <"i*~ dJJj Juu 
(jr JLc I j I ■r" A-JLj-La ^_ J_<vl*j (jP-!' <i J^^J ^~^ J (_)iaj|j_aJl ^ lr i La a£ L_ui Lc>.^ ,"< j_ua_15j <_3j_<_u 
4- Lfraljiir" ,,<! fj jM i 1 tiUjj (*_lLi]|) dc_llii J-^-Vlj (jL-jL2]|) LiJj-^La LajfcjL^f Qr^&Ia •- g^_! tlJL^al^VI 

^ se ua U ^ a j La La 
OjLjLLa L^laj jLLa^l (Jill j LgJLaj ^j_^=jJ,l ij LaJI <J1)I J L^-La i_l!L^=iIb*VI <_)iaj|jJi] sJljJlC fl^JI i-l!LL4> 

:/_4 4_u_u L-u I vo^s Lt£. AJ^LJ (j-a I j*J-1"- jj^nlij ^ O^ 3 L>^ ' 
iyiu u\ I j «^>« i «L>-I aj i ill '—- '>-A ■*■ La i ul AX. a^je^ ~ 
. l*JL^=lL>-V| 7c-La-ml Jlj (j-a (*j^»-!' (_J-S_LS 4 I j < uj - 



Centrifugal clutches x^j^>j±\ jjlaJI jjAjLs >-i-l 

jl iiJj.ja.a.u tt a i 'i J IJ-^jj ^j ^-— -j 1 1 ^j LaJI iaj-J3 j-uLjj 4— Ltt-a 4_Cj_<_u J_Lc ^ j mh" tl IJljj ^1 q^As ^Jt> 

.(J-La^>o (jj^ 1 Jj* uxjI) 4_Cj_<_u Jl (JjatAjjj jj^ 6 -^,? ^~^~~*J J> ' '^ri U' (jr^J-4^ 3 -" JJ-^ 3 ^-' 
3j_Sj x_2Jt_<Jj A_jJl>- ^1 «Lj»-a jjJlJIs Jl-jLL!! j «>> » tl JjJ-J C— . p» (_jiajLflJI I J_J (JLlLa (V - "\) J^ - ^ "■ (j'Sh? 
(jir-i"!"' ! (^J_^=jJll ^j-LaJI 2_a^ -il-ij-J ic.j.^uJI jLjjLj *_jLjJI ji>> til ^yli-ljJI it"ij-»JU Jl ^J^ajJll ^j-LaJI 
.«L»j3 Jjj_t2 *_jLlI1 j «>>«tl J| JaLflJI j usjtj] A^=3jj>- j»j-C (J^J (jyic LfJL^ailo^VI 3_a^ J^JUJ 3ji AjJls^^I 





<;lJLa. 



Ajiiii jj^uji 



,ljll J V.UJI 



A^UJI Jj^l 




Jjjiixjll (JjS 



^S^l ^ij ^Q (Y-I)JS^ 



- 1i - 













disk clutch t^^j-iJf t> ijLSJI Y-i-*\ 



> QJ-uUJI Jl^aC 




~-r\ /n- 



iiliJI 




JacLjall |_^ajill 



J^lLSI 4JU 



(j^ixlSl 4JU 



y^sjiJI jajQJI ( A-1 ) JSiS 



Brakes jjrfl^l 0-1 
Rim type brakes jLLVI J*!>2 \-o-*\ 

>L^= I|_ Ajielui-J .(VI) J^n m< i^^jLJJt *IJLj>JI ji fj-^'j ^IsJjlJI #.|Jl^>JI jj fj-<J' J <i mi "j 
, la » - ^ " ^_jj>o k\AjuaJLA a\^=sjj>. lLIj^cZjj (^ulJI 1 ill ^— ds- VI J^^eHj oLj-i £j La u m£ JJI ,Uilj_aJI $.1 Jl>- (j^- c -J-<-!l 
./^sjJilt <-3L2jI ^yic <<tl^— wVI J^jLjlS 4j>-L>JI Sic 7:jL>JI ^j-a j I (Ji*l jJI (j^a Lai jlj-> l>^J^ Cr^ **'** ^.'^ 

.^IjielujiV! 4jijLi. (jj^lJL^JI Cjfi Jjalj-oJI flftjf Ss-\ *~*\) J^-i mi cn_U_J 



_ no _ 












j»JI Jaljall plia 



4jU=u 




(Jj-aa-a 



jljj L^aja 



^^jLk «.li^. Clsli (_W^>3 



(_J-alji]l «.lia. 



4jUaJ 




JjJ <_>-=> j2 



t^ia-lj frlia. Clli JJja 



jLbyij4iji(W)js^ 




_ in _ 












Band brakes Jajj_<lJI J*l>s Y-o-1 

I ^'—— aAjzjJiI] 4_lL*£. f.] )-^\ J— <£. 4_! /j ■ <a **» La jl a Jul ^sj-aII J J->- i—d-IU-l (jrt-I Jqjv m <j-C a jLlC yjkj 
^j-uLre-ul l£j^I_<jjLi LiLo*I ^aJLa /Vtfg^ "in u jl ioLa yjmi ^j_a OLC Jajj-iiul » Ll^j ,(ll ~\) ^J 1 -— i ■"■ (j-a ■»■ tlalu 

Cuij u VI ' 4iii"iU 



JJjill-k; 



JjJi (j^ja 




J" 



jlSj jj 2 U«< 



I 



a j3 



kl>£llj4!ji(N-"V)JS£ 



Cone brakes lA*$yx\\ J^t^t T-o-1 

.( ) Y - "\) J^— i "■ jJaJl 4 p laj ' a uJj-J c *-' £ - 7?-"^ '- a - 4 lt^3J~^ <lA r" Cr^- (J-^'j-'aJI 4-JLLaj ijJj-ij jj'^j? 




AjUaJ 



'ijall 



^vX^^i^l^" 



^ysss^tg- 




ldii>*t! ( >!^!(>r-'V)JS^ 



. nv . 












Disk brakes i-u^j-ill J^l^iJI i-o-1 

.( ^ V - *l) J^^ ui j-kiJl 4 jLLs VI J-alj^ mjs (_yic-l 3jlj^>JI CiCt ("i" (jyic. iajJiiLj 




_ tA 












jj)U> 



iaLLs Jl 2_ A-uLoj^itl ^LLJl ^IjJI JjIp^VI ^L^=j-^ J^*j :J^=1 -1 



. L^J AjL5e!LmXI -i^J9j-!t fj-t! Ltp ( _ r L>-|jJI JjljIL^VI Cl\^=ijjXja i frjii^i" j^=j| - Y 



I j*il*ilj u , „T c_'-upJ Lajj ( _ r L>.|jJl (jjl^Ls-Vl (JliL^ajjaja ' ^j ' '-^"' j ^— *" - T 



J-^1^2 oLjjJ Ij-iaJ L&Jljlj 4_ L.t_a 



jjj^— J^ uij £al LaJI 



S JjjjJI '"'l^—j — ^ 4_!L». £_ I gJLa Jll a| ( _ r icl jjjJ-LJI '"'l^—j— ^ £_ 4-ajLJeTmj.U lLLLl^JVI <. i uij J-& 



.^jjj-uJl d)L^3jj»ja a I J[J_jJl!| CJI^sjj^a i Jjt ("i" 2s.Lo^3 (jr^-' *^ ^ jj ~*^ 



j-LujjjJI AjctiaJLl (Jl ( _ y ii^|jJI JjtjIL^Vt l£Jj^*jo i^ajj^ J-ai] -ij-s-C aJLscH 



**t i >i ) ~V 



.(_)iajLflJl ^ ^J J? J ^— iM _ A 



.(_$j^=jJ.I JjLLaJI (_jiajL2JI J-s-C 4-2jj^3 T'J-" 1 ' 



Lit Jl>-I (_)-*£. A-Sjj-La /Cj-ujJL dU j LLu-a 7"J-"fl («3 4 JjJIj-flJl p'j-ll j^= Jl ~~ ) * 



_ ^ _ 




■tvin^o lliiipillq.^inll piln ill nnlnll fiiiiiiiq oll 



VbJJ< wLsuaXI 



djiit_tim jl_£oJ 



i 



*3 














dilie-LgaJLl jLllvI j 

: (jy lc Ij-iLa (-JjJLlU (jj^-»j eJLs*^J! ojui Jo"^-i" Lajj£. . 
.4_lCj_Lm <LCj_<ji]| A_Laj.Lt.CJ 4\it___J,l pjJ _UJ_>_1 "^ 
.«.U,I j ■T~ 4_Laji__CJ 4_j____j,l pjJ _UJ_>_1 ~Y 
A se L-3 U jLlLt-1 — i 



JjVlJ__il! 



.XV ^ 3jIj_>JI ojui (jL_ul 5_____ J__i V ,jt -> : u^lWl f l_Vl ^I__« 

. 4-L_-lj J -_!__.__- Y J LjL^OlUjS^LtlCl-J^! 

__! Lie____*i! 4jl____JLI <J1)____ij___J| -I) L». jJ L__=_> 4_u>.|j_a - Y 



- v. - 













Pumps selection 

' j" -v "J j* a J ' a "' O- 4 J ^~^ J) 4 "" ' ga U "r I fl^a C^— ' 4-^LjlJI ^ If L<-uL-ul j»J-2j i^j— II 4-se-Lga^a jLllvI ^jl 

.*_J9jji,l Jji ("nil M^J-a <J}L». Sg.1 li 1 ^— i J (.V^lL) (J-*a1! Laj L l l v I *u (JJ»J i^l^- 1 II 

tjjs-lj-a Cj^Lj (jyic. ' ~ ' ' se - a t , I jLllvI j«I<j 
.4_LCjjJI 4_Cj_<_a]| 4-ajlt-CJ 4-Se-LgaJll pjJ JljJusO : Vjl 

.*j9j2il J-Lt-JulII (_£Jla Jj£. 3*Lo^= j_l^=I -I U*»V 5Je-LtaXI jLsljI JljJl^o : \hl\h 

:4_tC_jjiJl icj-uJI <LajU,flM <La- i>>U paj JuJl>iJ ] ~\ ~V 
l_£jj^ta jl (jLjj i (i II JaJj jcjO jl (_£j_Li3 i_a-Laa_i Lai 4 jljjJI ^ se ■ ta 1 1 j «^>** pjj JljJu>o Jj.il ( _ ? J.*.qj J-*J 

t^VI (J-**J (»J-2-i i-il-!i Jl (Jj-t-ajUj .jjLj_<jJI 
.Q (m /h) 4Je.La.ll ^ (-JjlkJll L_flj-LaHI j^JlSj -> 
.Up (ill) -Sj-LaJI J-Lcj <. (ir ( (ill J_Lc «.U,I <— lj m-La (j"*- 1 A_ujiljJI <L2LluJII J-&J ( _ y l^aJt ^Lse-LgaJll O «ii u jjJlSj - Y 

.N (rpm) Ait^all SjbV i^LUI (4>»Jtl icj-^ isjj<-a -T 

:N S 4-LCj_l!I 4£.j ((ill <— ll ni-w -£ 



iV. 



nJq 
= 5L64 w 



t^LlJL^a 4_lCj_lM AX.^ 1 nil A_a_LflJ LajJ ^ 3e 1 a 1 1 pjJ JljJl^O 



■Lj^jjJI 4jC^lu1I nJJus 


<La» (^tl £jj 


N s <3500 


lO " "^ c j (J A * "*■ '-^ A 


3500 <N S < 7500 


& \s\ \t •>■ ^ ^ ^^ < -^ ^ 


7500 <N S < 15000 


4jj Ajta ^ ae , >> /i 



LgJ^Lo^a ( _ jr Jj*_Laj ill La- >>i 1,1 f Ij-JI 4_sL= ^Ijiir" nil ^Jl^J 4_2jjlXI JlJJ-1 ~V) J^-i ui I f-^>-j}\ ^j ^-1 ojj 

. l^ljt ("1" nj J-a (J^Li^ 



- V^ - 













A-*- i >> ^ I 



Cr^J- 



i^=u 2_ 



J_lc ^1 i <i°\ .A-juLX.a J-m i"i "i ' ^j?j '-^ J— lC j "- t-^a aJJ a.- I A-^-< _Lc I !■-> «" 4 j 1 1 ■■ l «Lc _>-<-" ' ■■■■'' /- If (J a ua-seJJ 

(^Ij^- <_j!j 4ir'^ «ill 3*Li^= Cr JLI J<^" (m /h (jj! Jj^eii! 0.2271 x t_jj-^=l) 1000 Gpm ojjl l^j-^ 

i.*i <i hi 11 4_JVj_! iLxui ill <LCj_<_d_ll j_& jj_a Wi>^ (Jj-*^ 5 ^' (J ^~ l ^ ' <_r^^— <-JL-!J .2000 iLxui i <LCj_<_u Jl_lC 83 /o 
■ Lti j Lll>- 1 -ilj-ll SJejL^aJLl isjI-Sj L*Jj^>Jt, iaj^jILa 4_Cj_<_u (— )jJa I j Luiw 1 J <j-l_a jJL*i, I ' a J Lealulj 
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(yi (JjjVul 

m 3 /h^!Gpm 
0.2271 ^m>=i 



500 



1000 



2000 3000 4000 



10,000 15,000 



Specific speed, N s =51.64 

n\/q 



N\/~q" 

hp 3/4 



( JiaJI 4jjUI) N s = 51 .64- 



4-10 ojjl AXi Jjoijl a la 
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Aj jJoS L-L 




jju yui\\ AJaili-t 



jljAJI jjJaJdl c-UaC- 



(jl_J YjoiJ! <j 



J-P- 4 * 



£ \t ail 






4jbjll 



-(jljj^l JJ^ 



^>2 



=1.5-2 



<1.5 



•<1 






. vr . 
















(Aljtieltu'^t) .~»ltX^\l r, 


istxiaJLl £jj 


f.[\\ (3-*c 




A jj ^— > ) a OjLIa 4.ie-L*a^a 


^j >s /i -*■ < a I Otj , ,V, J, U aa v", a A £j a J «1 1 


^JLc ■ a J ' eaj 


4jj A-ta j -»■/>> /i 


J^cjJs (3-*£. 


JjLUIj^Ij^JI 




jlILal A (_yJ^- 




JjLUI tj-a 4_UjJi]t jLVI 


2^i^»lljl>Mli I './i<ll J>./ia 


^ILa *l * J JLj-^I "\ cJ^-l 


jl#l 


(JjaJaJl Ja^jul <J1)I j d_i_Lu jaj ^ 3e i ia a 


>L» V • ^ 


jWVI 


2 , „Ul<~ 2-»- i>s a 


>!*£♦♦• ^ 



JjiiVrtl i^Juo JLJ£. tf.la£=> j-i£=>\ *.LLa£.V <ir iMI jLul JljJlssj T - ^ "V 



4-lLujjHI' diLse-Jail diLLusljja (_>*aju ( 1 ~£) JjjL*. 


rpm aaj^JI 


(m) ILs-jjs J^aJ C^.*^! 


m 3 /h JjluJI 


(mm) jlA\ <-i>ul jlaS 


Jm^i 


Jl 


Cy* 


J\ 


o* 


2880 


4.6 


2.44 


18 


4.5 


100 


4S 


1440 


3.05 


1.52 


39 


18 


150 


6S 


2880 


10.7 


6.1 


78 


45 


150 


6S 


1440 


4.57 


2.44 


59 


27 


200 


7S 


2880 


15.25 


8.8 


118 


64 


200 


7S 


1440 


5.2 


3.35 


91 


45 


200 


8S 


1440 


7.0 


3.05 


173 


73 


250 


9S 


1440 


7.6 


2.05 


249 


114 


250 


10S 


1440 


11.6 


6.1 


363 


182 


300 


12S 


1440 


14.65 


9.75 


546 


363 


350 


14S 


1440 


19.85 


7.64 


756 


450 


400 


16S 


1440 


27.4 


14.65 


1452 


907 


500 


20S 


1440 


37.8 


24.4 


2160 


1365 


600 


24S 



. vr. 







iji.1 4_LjjJJI *jJkZ-<-u\ i i^j-ll (^jJlJ 227 m /h oj jJa jLj_<-u Jjljlaj 4-sl2j jIjj 50 m £*£. ( _ r lc *La 

Q = ^_ = 00631m 3 /s :*UI^^-^ 

3600 

227 

"" = 1000 Gpm 



0.2271 



: 1440 rpm 4_Cj_<-uJ 3ju>.|j 4_jb-j_3 jLllvI ( _ r Lc ^Lb 4-l.h.u-LH 4_Cj_<_a]! c-a (<i-»Q -1 



Ns= 51.64M = 5 1.64 X 1440x ^ = 993 

h^ 4 50 - 75 



s^Li^aJI j! jl^j (> -V) J^riM ^^=^il U.u^JI ^ (N s =993, Q=1000 Gpm) iJUJI JA^ -o 
.2000 l^ ^j^u jj^ 83% J\ J^ 1000 Gpm ^^UJ s*U£d ^1 jl «£* 4- 78% <>• JSt 



AT 1440x^/0.0631 

N =51.64x — = 1671 : crOi^j^ 

25 0.75 



1440x^/0.0631 



N s = 51.64 x ^— = 2264 : J^l^ SM3 

16.67 075 



- Vi - 







0j_& jjl J-^>o ( ) ~t) (JjJlj>o '"'' 3e-Lga-»il * » 1 ■ ea 1 ,1 ill L^=^ mi 1 1 mJJl>-I cl)Ld '-^j a J] p^j>.jJL ^j^aJj 4 ^ j 1 ea 2 1 1 
jy Ui"j 10 111 JjJlj*. ^_ 1 *i<ii n j. Ut" jjl m ^—1 <)J (jP-Jlj 12S (_5— * 4-Sf i>i a <_)j_J9l jjlj 2 j^aJLa ^j_C <La- 1 >1 1, 1 
4 (4_Lvj-a J-^=J 10 m J-^l^j) Sifc-Jm ojui qj& Jajj-a <j-u-*i- A I jielujil qjH Li! JljV til! jj ' <j!Utl < Aj ,^"11 

: a jj 1 >i (!l <Lc.j_<_a]| £jj^^~ ^LlJLj 



xt c, *A 1440x^/0.0631 .... . . 

N =51.64x — = 3322 : J^lj^ Ly ^. 

1() 0.75 



cj-6> U\Ji£* ji ^ _v ) J^'Ml iLu^ (>i (N s =3322, Q=1000 Gpm) sjjjl^JI i!UJI ^jSjSj -V 

t^yjfc 227 m /h L^j_aaij 50 m ,3*c. <>a *UI £-$>! i-u-uLill Air JalLa aJlc -A 
llIj^slaj jl jlj (j 1 J 1 >i j U 3-aj ( ^ ~i) (JjJl^>JI «^>-Ij) 300 mm ojJal "-^^Jl c^,\ j iiLujjj jLT <La- i>n - 

.4 ljt mi" 2«.Li^3 pLojjV (Jj^-i 

. (JUvjjijI JaJlLseja jl «J a tla£ (Jill J ~ 

. 1440 rpm l£^j-w - 



- Vo - 













jj)U> 



<<_ >j M. II 4_«dU<~ f«V 45 m /h ojji-a oLjj-"' J-^-*-*j 15m f-Lajjl ^J I 4_t2j j!j_j 5 m (3_*£. ^A*. «.Ls -> 

~ ^ Jj ' ^- La ■ 4*~ J ' J~ (*-* 4_!L>J| 0J-& (j Laju 3Jlj>-Ij 4_L>-j_a till j 5-se-Lga 1 4 jj i >i it' 4_Cj_<_u_Jl <_ > i >i -%■ I 

• ( \ ~V) J^^ ulII jjjs I jlj« "■" 2«.Li^= J^ (*2 4iiU jj Lslaj (<Ljjjj;ta ~ 4 La b se a 

(1440 rpm dJj^JU icj_^ ^Ijijei^ul j^ <uj 15+5 l£jL"^ aJcjAJLI (3-a-c :iLasOLa) 

4_U>j-a (Jill j SJfc^a 1. 4jj m ill 4£.j ui 11 <- ( i m -w I 4 680 111 /h JjLJLAJ 3 111 4_sl2j -i'j-J 2 111 J) qf ^ If sLa - Y 



0£ 



(1440 rpm (-dj^>JLl icj_^ AljjeTu-ul p ^-> <ijj 3+2 tijL-uj Sir jail (jj^c :ik»,>La) 



4 Ujj^JI ^jljt" ,mI nSjJ\ <_P=j-«-! 680 m /h ojJl-s oy>-<- u J^-*^j "t-^j jIj-j 50 m Jj-ax. ^le. «.Us -V 

t^Ju.a J>L>. Sg.Li^3 J-Ja >L J-qJU ^j 4Jr Ja a c-^-m-Jl jL_£o»V ( ) -£) JjJl^JIj ( ) ~V) J^-i m, j 4jfc.jLOj.ll 

.( )j I La 1 , 1 fjy* (*ii*i'l 



(0.2271 ^^ ^oSf Gpm Jjm/h^ Jjjj*iLI) :<ii>jj*la 



. vn . 



^LflijLtC'l 













.2 jajjjLI,' ^_ s-LI,! AX. vjjj 



<- 1 1 m»1 4 



-3 

250 mm LijiaS Sjj^U 4- 450 m /h Jjm^j *L« ^j-^ -Y 



(JAJ^Tmj-a jjrJ-J *LU J-^pj 1500 HI /h I j «j i a JJ 3000 rpm LgT^lj-m 4 ae i a t 4 n,,i rtl 4X.j mi tl Liin >.! -V 

.35 m 1 1 j Lij ij^uijJI iaUaJLl 



■ Ifllof aJLj-L jjrU *U 4 4jj_^=j_U OjLLaJI 4Jr <M,l *'j-^-' J-^=Jl ~£ 



.(j-^ 3 ^ r ~ ' " U '^^ c ■.^- ! CJVJ ^j"^ 3 ^' OjLLaJI 5-se-LgaJLI £_ <_3}LiJl ^LojIsj fj-" 1 ' 



:Ajsc j — t^aJI 4jL>-Vljji*l - 1 



J^JI ^J? - 


j^J! Ji.b- 


j^JI ^ - 


^LuLujjZdl A ^»- 1 <a 1 , 1 ajlj! tiJjJts C.llu "1 


J^JI ^1 - 


j-V iM>- 


j^JI ^ - 


A i iiloliJI 4*JejuaJ,| dlj^cji Cjullj "<_i 




j_uJI «.La 7TjL>- ~ 


vjjj 1 «. La ^_ j ojqjla ~ 


4-tlujjltl £gr <^>t,l <S_ jljjJ! j i'^i*\\ "_*» 




Cri*^ 3 _ 


U ±^^\^ I }\ J ^\ - 


4 - ulol «j| 3 se < a > ,1 eJ^tx! pjj "J 




1 (j*i <li n j^yloLiiiJlj 




_> (jU>_taJl Oji&Sba «Ls&juaJ,l \-L4JJ "_& 


I ^ i «>i i. i U / ,i» ij 


1 (j*i <\i ii ^^paLoitolj 


1(j"<iiii pLojjIj 


_! (juj_tttj| S Un^-i istjuaJU j^«jj "j 






i 4- i >» t 1 





- VV - 



^LflijLtC'l 









2 . „ul » II j| 4_<_LujjjJ| ^ se ■ ia 1 , 1 Lg-La (jj ^^~" (Jill 4 i 'ij^j-ll <J1) LC j-*jjejo Cj^LjJI j^= jl ~V 



2 . „ul » tl j| 4_i_LujjjJ| 4-se-LgaJil ^_ 4_<-uLLaJl <Lcj-*j*jo <JL)lJ 



il-A 



. L^-lCjJj LgL»C A-Sj^la 7"J-^"' (*-* 4 ju^U lL-AjJI S-se tla a diLJ^^a-a j^=il "^ 

JlJ9|_^2 oLjjJ Ij LaJ L&Jljlj 4_L.t.a 4-Cj-<-u ^"o- 4lc.j_<-u _j (jr Lv|jJ| JjljILs-Vt LfJj^ta 2jJu3 -i'-ij^ "^ * 

jjj^ J^slAj ilLLaJI 

.Lit JlsJ J-S-C ^2jjls jCj-ujJL tiiJj L-L u - a ?"J-"ft fU tJ-fltj-aJI flj-JI («-&! j^= Jl ~\ Y 



- VA 






(Y)^jL»l 

.LfeljusJ c_4^=jj Tj-lu\ r<U < AjJ^ajJJ OjLLaJt O lie-Jail fljjf j-^= il ~Y 

s»l a^aj *LU j_^= SjjiJa <. i i.i >.| . 30 m L&jjJa 4 j rolj ^aLm a *m *-Jap 600 m /hr I j «j ■ a " z~<* « -X 

. 65 kW (jJb IAajJi1\ AJi-i^iU 3jju9 (j| «ic I jl Air <^iU 

. 45 m ojSk *La jj^c f-LajjV aj^-iTu *UI Ja » - ^ <.< <«-w| -i 
. 10 m/s Lfcjju9 «_jLa icj_ijJ jJillll c^-cJI <-<-<.ujw| -o 

j />>« tl j j . ^ » 1 1 j ?-j*l ii 1, 1 j <^» tl L^_La p'J- 1 ' AJ^i-J AJJ^ajJll OjLLaJl 5-se-LgaJ,l ' jljjJl j Lgajtil ~ 

4 m'Jj-!Ij A m'Jj-!Ij A-LaLa^M A miJjJI Lg-La jljjJI j-LgajtJI (jIiLj^ (JL^auIil Aj^Lj LfJLuii - 

■j i >i-»Jl (j j^Lli^j a! Jl^-I i «L) '**'■ 3e ual . ■ A_ i-iLoJl A_2jj_La 7tuii aj I La i ■■ i a 1 <ii u j j<vj-u_)I ~V 

2 . „ul » tl j| a_»_LujjjJI Ajse-tlaJll Lg-La jij^^""' ^il A i 'ij^j-H <J1) LC j-aJ*ja Cj^LjJI j^a it ~A 

2 , „Ul » tl j| A_tJLujjjJl Ajie-LgaJL I 4; ' a J ' a ^ v Jl r A£.j-aJ?ta <J1) u j^=a_a j^=a j I "^ 

2 ^j » tlj j l->- ,^tl jL^U ■ " -d 111 ^" -^ . ^ ^ ^-l <3j^' J - ^ 3 -^ "^ * 



.(Q^uvJLi tiJj j LrejJa a_a (j^japJI <Lae-L*a^a J-*C A_2jj_La t-vjIiI 



•n 



. v^ . 



^L^JjLufl 









. L^j aJljt" i >i U j^SjJI pj-iJ L*-p (jr L^I jJI JjljlL^V! <^i) L^= jj»jo ' a-ilLaj j^= Jl -^ Y 



.^jjj-uJl <JL)L^3jj*jO a I Jij^jJl CJI^ijjxjs i Jjt ("i" 2«.Lo^3 (jr^- ' ^ 1 j J 



■ir 



.l_£J^=jJU JjLLaJI (_jiajL2JI J-s-C iSj^ia 7"J-^"' 



•u 



_ A. _ 
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_ A^ _ 



u\Jual\ uLtlkia«jj>4j 










Uj^«jj u Lfclkiai I 



>yl 


^u?tti£ik<ai 


SJbjJI 


^JjjJIjUa^ail 


A 


Area 


m 2 


4-3».l (.(I Oi 


d 


Diameter 


m 


jl^ 


f 


Friction factor 


- 


,*U^-,wl J*t.„ 


g 


Gravitational acceleration 


m/s 2 


4-LiijJ^M 4_ujL>Jt Ajbt£. 


H 


Head 


m 


Oqiil 


h f 


Friction head (loss) 


m 


,/ll^-^VI ,-.,,,,. 


hfc 


Friction head (loss) in connections 




,-,\L~jt| 'S ,/ll^^VI ,-.«,.„ 


hfp 


Friction head (loss) in pipes 




j.-..|jt| s ,/ii^^vi ,-.«,.„ 


h P 


Pump head 


m 


j -»./>> 1 1 c< <ii ii 


hsd 


Static discharge head 


m 


£—, ,~,h,„VI sj U1I I-. -,-,. 


h ss 


Static suction head 


m 


^— ii"l",„yli ,-*• , ,.*( i-, 4. ,. 


h ts 


Total static head 


m 


Uz~t1 ^,~h..NI ,-. n ...ll 


k 


Friction constant 


- 


ciM^yi l£_ .MI^-i^V! c*jIS 


L 


Pipe length 


m 


(Sj^j-ulJLl (JJ-I^s 


N 


Rotational speed 


rpm 


•LJljjjJt 4.C.J Mill 


N s 


Specific speed 


- 


A j i i ii ill 4X.j-i.uJ 1 


Pb 


Brake power 


W 


4_U_3)_aj| 3 jJlSjI 


Pw 


Water pumping power 


W 


«.U,I TciJa 2jJl£ 



_ AY _ 



u\Jual\ uLtlkia4jjf4j 







^Ij^luVVlluSj 



Pa 


Atmospheric pressure 


N/m 2 


jjj A -W i 1 , l-S • / >» 1 1 


Pv 


Vapor pressure 


N/m 2 


jl ->. ill , l-s» ,>, 


Q 


discharge 


m 3 /s 


' ^J '^>~M 


t 


time 


s 


<>8>JI 


V 


volume 


m 3 


*VJ*^>Jt 


V 


Velocity 


m/s 


4-g.j iritl 



_ Ar _ 



u\Jual\ uLtlkia«jj>4j 










Axlill uLfcikiall j^Lfl 



Sjj-JlshjVI SaJJL -tu.^tj 


<Luj^tJt AJtlSLi 7c IL-i i^ill 


Accessories 


'"'' ajeJ a 


Air lift pump 


a -»■ <>> A 


Alignment 


a a! 5" , „| 


Axial 


lSJ.F" 


Band 


i la Jj U) 


Bearing 


(_)J^J><J (jr JJJJ^3 — (J-^JSjO 


Bowl assembly 


■J ...lull <Lco^j*^j 


brake 


ilaj^ 


Brake power 


A-dLaj-oJI 2jJl2J| 


Cardan shaft 


j|jj^=iJI Jj-aLc 


Casing 


L^}t_C. 


Cavitation 


' -^ 4 ^— ■ j 




Centrifugal 


i£. j^j^ Aj^ 


Characteristics 


^J^S \\ ,^~±. 


Classification 


1 /I 1 < , ..-»" 


Clutch 


L>^^ 


Column pipe assembly 


' U ' a Ml 1 * "iitA^a 


Compression ignition engines 


.Uli.^VL JLuiVICil^ajjtxi 


Cone 


Jo a>j*^ 


Deep well jet pump 


2Si^«iljliMii*./iiil <!-»-, >»<s 


Diaphragm 


tij " *LA^ 



_ Ai _ 



u\Jual\ uLtlkia«jj>4j 










Diffuser 


juili 


Discharge 


' A j ' x> "' 


Discharge bearing 


JjJajl jJ^jxla 


Discharge bowl 


JjJaJI A^uLLs 


Discharge pipe 


JjJaJI (-j^jjI 


Disk clutch 


Lsr^J^ Ly*-?^ 


Dynamic 


U^-t isLb-S 


Efficiency 


"nr \ n<Z— i 


Ejector 


C~alj 


Electric motor 


<jri>4^= <-djJM 


Electromagnetic 


, „ iUl <• aj,^ 


Flow rate 


(JLJJ_<JJ (J Jl*-3 


Frame 


J^J^ 


Friction head 


,/ll^-^VI ,-.«,.„ 


Foundation 


Ccl-iTu is Jl£.L9 — jjjjL-uI 


Gas 


j^ 


Gasket 


<L>»j 


Gear 


O^P 


gearbox 


l>"JLp (Jij^XJ-us 


Head 


£<3 J - C^U* 


Gland 


S_M JU-u 


Head assembly 


jjjjfjJI <LC^*JJt« 


Impeller 


jtjj j-Jm 



_ Ao _ 



u\Jual\ uLtlkia«jj>4j 










Intermediate bowl 


4_i_LuJ! 4 ml taJI 


Internal combustion engines 


(J \->*\j3\ (JIj^V! CjL^aj^ta 


Jet pump 


lL-£J d -»■ i>» a 


Key 


J* 1 ^ 


Lineshaft turbine pump 


JjJ Jia-4-t-l) CjI J 4_<_Lujaj ■J je-tia a 


Location 


^>* 


Lock collets 


Ct-t-JiJ Jj aia 


Lubricator 


^b> 


Mixed 


, U> 1" -»■ a 


Net positive suction head 


.5 I /^»l| 1, ,-^At,|l, ,<■>. , ,.l( l~, *,, ,t 


Nut 


4j &jzVl& 


Open screw pump 


4jv aTi ft 1 1 4_4J\_J| ^ -»■!>■ a 


Operating point 


J i • ,"," JUJi 


Packing 


ft U.I *v 


Performance 


*bt 


Performance curves 


^bVt ill Ldje-La 


Piston 


Lyj-L^A 


Plunger 


(j^L^a 


Positive displacement pump 


(4_u>.jJll) 4-uUo^t i=k.|j^l <— I La- <^ia 


Power 


SjO^ 


Pump 


A -»..>> A 


Pump coupling 


<La- i^i a (tt'j-^J') UJ^ 


Pump shaft 


4 -»- i >» t 1 Jul£ 



_ An _ 



u\Jual\ uLtlkia«jj>4j 










Pumps selection 


i~ll -»■ />> 1 1 jLlLvI 


Q-H curve 


' J '^" ''"'"' 1 Mill /-J-re-La 


Radial 


iSj ' '* ' •""* ' 


Reciprocating 


L^-IH 


Rim 


jN 


Rotary 


j'j^ 


Screw 


(<_JjJ) l=>jj}tJa 


Seal 


< 1 1) f n"l 1 X_!l_a 


Shallow well jet pump 






Sleeve 


4_lLts. 


Sliding vane rotary pump 


4jjJ\_La j_jIiLjjI till j a 5I0 4je-L^a 


Spark ignition engines 


2jlj_<iaJL (Jl * <*i<2l til L^sj^ejO 


Specific speed 


4 i i i ii ( il AX. \ i >i II 


Strainer 


»li">i 


Stuffing box 


n i ii">J| /g ig Jull& 


Submersible pump 


2 , „t->l<~ a -*■ ( >s a 


Suction adaptor 


<-'"»• i il M aJL^sj 


Suction inlet 


(_ i~»- i ii II JS-J-a 


Terminology 


*'wi/iii 


Thrust collar 


*-2jJt <3>^= 


Turbine pump 


4_j_LjJJ AJ J -»■/>> /I 


Vane 


A^ijj 


Velocity 


l^J^JJ 



_ AV - 



u\Jual\ uLtlkia«jj>4j 










Vertical In line 


Ju>-lj JaS. (jj-^- (jj-^'j 


Volume 


aj*j>- 


Volute casing 


(jyjjj-l^ L-3>Lc. 


Water 


*u 


Wearing rings 


i-LLL--v- CjUlLv 



_ AA 



uLy!*i! 










uu^ai 



2stAl*l\ 


£>M»iJl 




d-UtiD 


<^Vl*Jb^l 




L^ctjJIj oLa»<^U : (Jj VI (JjlaaJI 


Y 


LpjjU 4_aJuLa ^"^ 


1 


i"ili.,>.t l | i ^in^" Y-^ 





2 i^—i i ^l ; > 1 11 (~«l 4- ,\ tjj a i il^.i'yi 2^!jV! i-ilVi^a^n 2 >jl ^ V- ^ 


1 


UiJ 1 -^ 




OlicjuaJU Oljellfl ca a :^ 7 jQjf J da-rill 


A 


i~«l-»-/>»t l l>2,^,l-^i~«l-».ll-./^sA 7-Y 


A 


SJe-tlaJil ' *j • gaj (Jjula ^ - 1 - Y 


A 


ir.j^ill Y-i-Y 


<\ 


r,„,«tl Y-i-Y 


<\ 


^— ii"h,„Vli ,-»- , „lt <-, , ,. f-f-Y 


W 


^,~,h,,.VI s^Ltl ,-.,,.,. 0-5 -Y 


1 • 


i^ti ^ .-h..Ni ,-.,... ti n-*-r 


)- 


( 'tl^--wVlc**i- V-i-Y 


n 


4Je-JaJ[l (."'(jin A-l-Y 


n 


dUI jjJ= 3jJl2 Vi-Y 


n 


LtLaj^aJl SJe-JaJll 3jJu3 ^ * - £ - Y 


u 


o^U*!^ U-i-Y 


u 


2_lcj_l!I icj-t^iJI ^ Y-i-Y 


u 


^^jJll> l.rttl .,..,-*. «tlc**n, W-i-Y 


u 


AJaJL*ja AjLLal 


w 


CxD^ 



_ A^ _ 



uLy!*i! 










xatfitsjb^i 




4j)^=jJLI a^jLLJI d>La-,,<X,t! * Jj*l J-ua-oJt 


n 


lJsjj^ij i -Y 


Y« 


2jj^-,j t| a \jlUt| 5i..^t| i . ,*i-,j~ Y-Y 


Y^ 


jljjJlj.^,1! W-Y 


YY 


csMJlJI y-y-y 


Yi 


j i >i"»Jl (jajao^s Y - Y - Y 


YO 


^l^tl^UL. i-Y-Y 


YI 


ij^'j^— <j\\ Nj ul| i~«l Af /^ ^ ^j^sM /^s-^ Y-Y 


YI 






YA 


4j^=jJLI OjLLaJt 2 4. , ^ 1 1 ^1j| iliLibe-La Y-Y-Y 


r- 


5-ie-LgaJll (JiitMi" 2 US i Y - Y - Y 


YY 


o^ 1 -^ 




2 ,,.ul »t|j 2-lLujjIII Olie liaJj t^JliJI J-*->At) 


Yi 


-Ll^-CJ ^ -1 


YO 


(JjJI ^ 4-ajLJeTmj.U jLj^l ("il-Vi^a f- t^jf Y~£ 


YO 


Jjg-LaJt Ja_**J! Cjli 2_jJLjjjjlll 2Je-JaII ^ - Y - £ 


YA 


l _yj]j}\ 2_Cj_$jjta )-^-Y - £ 


Y<\ 


i_3j_uaJI jj^£. a_c. j_*jjej3 Y-^-Y-£ 


£• 


•2 ...1 Utl icj^ta Y-^-Y-£ 


n 


2 ,„LI ill 2 4. ,u\\ Y-Y-* 


£Y 


o±)^ 




^jS.V| oliexbJLl f-I^Jl :dJlill J.^rtt! 


io 


(JLJvjjiJl AJjAjta j -»■/>> 11 l - 


n 


(Juj_<ji]| 2 u h ^ « 2 4. , ^ 1 1 Y-0 


IV 


j -%- a" A 1 1 4_4jv_j| j se <^» a Y - 



_ 5. _ 



uLy!*i! 










IV 


AJjJpJI 4 Se • a 1 1 1-0 


l\ 


ajtjjJt <— I La- Jail 0-0 


l\ 


jjjj«>jj 1 4 se tla a 1 " - 


0\ 


iSJjJll (ji-JjJI <— >b 3jljjJI iie-Jall Y-0-0 


0) 


■ *. A «li ^ 3e «^» a l - 


oY 


21-* ,^t| jl .\> t ,*. A)t| 2^. .U*. \-~\-6 


or 
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